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7 0 5 G -F i n  1 rS-j v i. 
This r e p o r t  d i s c u s s e s  t h e  t echn iques  developed and t h e  problems 
encountered i n  the manufac tu rc  o f  60 o p t i c a l  trairi a s sembl i e s  f o r  
t h e  NASA Planned S p a c e c r a f t  C e n t e r  (YisC) on -ax i s  s o l a r  s i m u l a t o r  e The 
as sembl i e s  were purchased t o  upgrade the system c a p a b i l i t y  by add ing  
a d d i t i o n a l  modules and i n c r e a s i n g  t h e  volume i l l u m i n a t e d  i n  t h e  en- 
v i ronmen ta l  tesl: chambers. 
- _____ ~- ~~ ~~~ 
The o p t i c a l  t r a i n  a s sembl i e s  each c o n s i s t e d  or' t h r e e  subassernblics:  t h e  
c o l l e c t o r ,  t h e  t h r o a t ,  and t'he c o l l i m a t o r .  These a s scmbl i c s  were unique 
because they were asseifibled, o p t i c a l l y  a l i g n e d ,  and t e s t e d  i n d i v i d u a l l y  
b y  EOS 13rior t o  shipment t o  MSC ( p r i o r  t r a i n s  had been a l i g n e d  a s  com- 
p l e t e  asscrab l ies  on ly)  e 
EOS \manuInctured t h e  four  d i f  Ft>;eilc t y p ~ s  o f  1 t l i l  ror:; and support hard -  
ware used i n  t h e  o p t i c a l  t r a i n s .  An EOS s u b s i d i  a r y  Applied O p t i c s  
and Pkchanics  (AOPI) , manufactured the f o u r  lens e l emen t s  used i n  the 
systeil1. 
The most complex single p r o c e s s  i s  t h e  manufacture  of  the mirrors. 
The m i r r o r s  a r e  f r o n t  s u r f a c e ,  n i c k e l  e l ec t ro fo rmed  rep1 icas  bonded 
t o  a s u p p o r t  c a s t i n g  which c o n t a i n s  w a t e r  c o o l i n g  passages .  QThe pro-  
cess used t o  manufac tu re  t h e s e  m i r r o r s  i s  d i s c u s s e d  i n  d e t a i l  i n  the 
body o f  t h e  r e p o r t .  T h e  r e p l i c a t i o n  p rocess  c o n s i s t s  o f  making a s t r u c -  
tuxal Ly i n t e g r a l  e l c c t r o - d e p o s i t i o n  o f  n i c k e l  on a ma7tp-r- mtrix.. 
T h i s  p 2 r t  i s  a n  e l e c t r o f o r m  o r  rep-iicc; which c o p i e s  the  mstcr  e>:- - 
t remely a c c u r a t e l y ;  and, in the  c a s e  o f  a In i r ro r ,  t he  s u r f a c e  q u a l i t y  
i s  as gooJ a s  the m a s t e r  used t o  praduce i t .  Tile r e p l i c a  i s  s e p a r a t e d  
from t h e  m a s t e r  trimmed t o  a hexagonal  c o n f i g u r a t i o n ,  t h e n  bonded t o  
afi altminum c a s t i n g  t ihich i s  t h e  s u p p o r t  s t r u c t u r e ,  Thc c a s t i n g  h a s  
machined mounting poinf:s and n w a t e r  c o o l i n g  passage  used t o  t empera tu re  
control .  t h e  m i r r o r  d u r i n g  o p e r a t i o n ,  
EOS b u i l t  t h e  t o o l i n g  used t o  produce t h e  r e p l i c a s  on a p r i o r  c o n t r a c t  
( N h S 9 - 5 4 8 2 ) ;  however, t h e  d e t a i l s  o f  t h e  program are d i s c u s s e d  i n  t h i s  
r e p o r t .  The r e p l i c a  m i r r o r  s u r f a c e  i s  overcoa ted  w i t h  cl r e f l e c t i o n  
enhancilng series of m a t e r i a l s  which a l s o  p r o t e c t  t h e  n i c k e l  s u r f a c e .  
These c o a t i n g s  a r e  a p p l i e d  by vacuum d e p o s i t i o n  and c o n s i s t  of a l a y e r  
of chromium, t h e n  s i l i c o n  d i o x i d e ,  aluminum, and s i l i c o n  dioxidcb agaj-ri. 
The chromium prov ides  good adhes ion  of t h e  v a r i o u s  overcoa ted  l a y e r s  o f  
m a t e r i a l s  t o  t h e  n i c k e l .  The a1umi.num provides  h i g h  r e f l e c t i v i t y  i n  
t h e  s o l a r  spectrum, 
The. r e p o r t  i n c l u d e s  a l i s t  of a s - b u i l t  drawings which a c c u r a t e l y  
r e p r e s e n t  t h e  c u r r e n t  c o n f i g u r a t i o n .  EOS h a s  recommr:nded v a r i o u s  
design changes to improve m a j n t e n ? n z e ,  reduce c o s t s  and prov ide  
i ‘il t er ch J n g e a b i 1 j. t y . 
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f o r  t h e  space s i m u l a t i o n  chambers a t  t h e  Manned S p a c e c r a f t  Center  i n  
Houston, Texas.  These assembl ies  form a p a r t  of t h e  modular s o l  
simulator system used  i n  Chambers A and B .  The  o p t i c a l  system con- 
si-sts of r a d i a n t  s o u r c e ,  c o l l e c t i o n  o p t i c s ,  vacuum t r a n s i . t i o n  weld- 
m e n t ,  and c o l l i m a t i n g  o p t i c s  * 
The co l l . ec tor  assembly cons i . s t s  of a pr imary c o l l e c t o r  (No. 1 m i r r o r )  
and a secondary c o l l e c t o r  (No. 3. m i r r o r ) ,  and a c o l l e c t o r  lens.  The 
c o l l e c t o r  o p t i c s  are housed i n  a frame ;hs-2uded w i t h  w a t e r  c o o l i n g  
panc l s  e Also inc luded  i s  a water-cooled p u p i l  mask. 
The t h r o a t  assembly,  Which i s  the vacutin t r a n s i t i o n  pitrce,  s u p p o r t s  
t h e  c o l l i m a t o r  and houses  t h e  i n t e n s i t y  c o n t r o l  systcm. It a l s o  con- 
t a i n s  a f i e l d  l e n s  which i s  p a r t  of t h e  vacuum s e a l .  
The c o l l i m a t o r  assembly re-expands t h e  c o n c e n t r a t e d  beam of  energy  
coming through t h e  t h r o a t  and p r o j z c l s  a p a r a l l e l  beam i n t o  t h e  t es t  
volume. T h i s  i s  a c a s s e g r a i n i a n  system w i t h  a f o l d i n g  m i r r o r  (No. 3 )  
and a co l l i .mat ing  m i r r o r  (No. 4 ) .  It a l s o  c o n t a i n s  a c e n t r a l  o p t i c s  
system c o n s i s t i n g  of  two l e n s e s  ( c o l l i m a t o r  lens Nos. 1 and 2). 
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T h i s  r e p o r t  a l s o  d i s c u s s e s  the i n t e r f a c e  of t h e  O p t i c a l  Coat ing  Tm- 
provement Program (NAS9-6708) which occur red  d,uring t h i s  program and 
r e s u l t e d  i n  s i g n i f i c a n t  changes t o  t h e  d e l i v e r y  schedu le ,  a s  d i d  tlhe 




The o p t i c a l  t r a i n  s tudy  (NAS3-5482) r e s u l t e d  I n  s e v e r a l  d e s i g n  change 
reconiiiendarions which were f i .na l izcd  du r ing  t h i s  c o n t r a c t .  A11 m i r r o r  
c a s t i n g s  were chaaged t o  p rov ide  i n t e g r a l  wa te r  c o o l i n g  passages  and 
new icoanting and a d j u s t i n g  d e v i c e s .  The i n t e r f a c i n g  suppor t  p o i n t s  i n  
t h e  co l  l e c t o r  assembly and the c o l l i n n t o r  suppor t  were a l s o  changed t o  
accorxodatc  the ncw d F f f e r e n t i a l  screw a d j u s t e r  mounts e Only minor 
changes i n  tIic c o l l e c t o r  assembly plum?i;!,ing were made t o  s i m p l i f y  the  
plumbing and a d a p t  t o  t h e  ncw AHD r i t t i n g . ;  i n  the Nos. I and 2 m i r r o r s .  
The co l l . imator  asscmbly was d r a s t i c a l l y  modifi.ed by changing t h e  c o l l k -  
mator  suppor t  casti.ng&roni a si::-susyensioii--point d e s i g n  t o  a t h r e e -  
suspen:>Fon pc)-i nt d e s i g n ,  Y ~ P  c o l  limt-iiie l tns rrourit v a s  r ep lacc~c l ,  II: 
t h e  iep lacenent :  lens niount:, 1 lie t ~ ~ c  I c~ i ses  v c r e  ceiiL sild spaced 111 
a prccisioi- ,  alunin~ir.: c a s t i n g  and  sl! LI-,? F rev ious  a d j u s t e r s  sicre cI.inj.- 
n a t e d .  Asseiihly and aiigntncnt: 01 t h i s  u n i t  r ~ a s  g r e a t l y  s i G p l i f i e S .  
-_ _ _  - v - -- -- 
3-1 
The m i r r o r  a s sembl i e s  a r e  of f o u r  t y p e s ,  a l l  of which c o n s i s t  of a 
water -cooled  aluminum c a s t i n g  and an e1ectroforn;ed n i c k e l  r e p l i c a  
m i r r o r .  E lec t ro fo rming  i s  t he  p rocess  of b u i l d i n g  a s t r u c t u r a l  p a r t  
by e l c c t r o - d e p o s i t i o n  on a mas te r  t o o l ;  and i n  t h i s  c a s e ,  t h e  t o  
r e u s a b l e .  EOS used two t y p e s  c t i  t o ~ l s  t o  produce t h e s e  m i r r o r s ,  oile 
05 idiich i s  t h e  r e v e r s e  form of t h e  e l ec t ro fo rmed  m i r r o r  a d  i s  n;adc. 
from 17-,4-PH s t a i n l e s s  s t e e l .  The o t h e r  unit i s  an e l ec t ro fo rmed  
n i c k e l  t o o l ,  made from a s t a i n l e s s  mastery ~ 7 i t h  a c u r v a t u r e  i d e n t i c a l  
t o  t h e  e l ec t ro fo rmed  m i r r o r .  
__ 
4.1 f41RROR W S 3 R  FABRICATZON 
The fo l lowing  paragraphs  d isc .uss  the o p e r a t i o n s  and t echniques  
devel.oped by EOS i n  the martufaccure 05 i o o l s  t o  produce m i r r o r s  f o r  
the NASA-MSC s o l a r  s in iu la tor  program. 
P r i o r  t o  a t t e m p t i n g  m i r r o r  mas te r  f a b r i c a t i o n ,  an  i n v e s t i g a t i o n  was 
made t o  r e p l a c e  the  equipment p r e  u s l y  used f o r  con tour  chcc 
t h e  mas te r  contour  s u r f a c e .  
.- - 
The Turbo Machine,  I n c  e e l e c t r o n i c  probe assembly p r e v i o u s l y  used f o r  
con tour  checks  was no l o n g s  a v a i l a b l e .  A f t e r  many source  i n q u i r i e s ,  
the eqii ipnent manufactured by Lyon Kesearch Corpora t ion  was procured ,  
s i n c e  ( s e e  F i g .  1) it was f e l t  t h i s  equipment could  perform t h e  same 
t a s k  a s  t h e  p rev ious  hardware.  A l l  e l e c t r o n i c s  checked o u t ,  and t h e  
micrometer  c a r r i a g e  a l a p t e r  modules were manufac t t i o n  of 
- - - --- .1-._- -.- v--X_I__--w--. -----. ~ -- - - - ____ I -_---___I 
a s s c a b l y  i n t o  a p r e c i  * microtneter c a  
(F ig .  2 ) ,  and t h  r eadou t  cons  F i g .  3) was ad 






The No. 4 master  was checked d u r i n g  machining, u s i n g  a h o r i z o n t a l  a r m  
and d i a l  i n d i c a t o r  s e t u p . ( F i g .  4 ) .  A s i m i l a r  d e v i c e  was used d u r i n g  
o p t i c a l  g r i n d i n g  and  p o l i s h i n g  ( F i g .  5) .  A l l  checks used d e v i a t i o n  
from a r a d i u s  a s  t he  b a s i s  f o r  g e n e r a t i o n  oi t h e  f o u r t h  o r d e r  a s p h e r i c  
cu rvc .  F i g u r e  6 shc, t y p i c a l  d a t a  tcken and g raphed  by t h i s  method. 
Many f a c i l i t i e s  i n  t h e  Southern C a l i f o r n i a  a r e a  were e v a l u a t e d  p r i o r  
t o  c o n t r a c t i n g  f o r  machining of t h e  m a s t e r s .  They cons is tcc l  o f  p r e -  
c i s i o n  p r o d u c t i o n ,  p r o t o t y p e ,  r e s e a r c h  and developnent  , and i i r s t -  
a r t i c l e - t y p e  f a c i l i t i e s .  Equipnent ,  pe r sonne l  , and kno~rl.cdge of t h e  
b a s i c  t a s k  wc1-e the t h r e e  items reqri i rcd.  
Each l a t h e  t o  be  u i i l i z e d  i n  niacliii~ing t h e s e  mas te r s  u a s  thoroughly 
checked o u t  e Excess ive  clearancc i n  spindle b e a r i n g s ,  bo th  c a s t e r  and 
camber \??re chccked out: 1dt’nc bcd end ta,iys €01- accu racy  and ~ e p c n t a -  
b i l j  t y ,  and vib- rn tory   RIG?^.; a l i c l i  ni;,iit e i i  
A t  sainc tjme, the a d a p t a b j l i  iy of t:;i2 r;t)be m a s c r i n g  J ~ v j c c  was 
i n v e s t i g a t e d .  A chcclc f o r  uo1.t.agc i r a n s i e n t s  i n  the  p a r t i c u l a ; .  1~ac1:ine 
was made, s i n c e  t h e s e  t7ould have t o  be  C i l t c r e d  t n  o r d e r  t o  m a i n t a i n  a 
c l e a n  s i g n a l  f o r  t he  c y c r a t o r  6 i x i n g  p rob t  measurement- chccks 
A f t e r  e x t e n s i v e  e v a l u a t i o n ,  f o u r  vcxiclors were s c l e c  t e d  and approved 
t o  nianufacture suppor t  h a r d v a r e  and t h e  m i r r o r  m a s t e r s .  
A t o t a l  o f  seven s t a i n l e s s  s t e e l  (17-ri-P51) m a s t e r s  were machined, 
o 2 t i c a l l . y  ground, and p o l i s h e d  t o  be  used i n  the produc t ion  p l a t i n g  
of tiiiri-ors f o r  the o p t i c a l  t r a i n  assembl.ies. Two mas te r  worliin;: t o o l s  
were f a b r i c a t e d  f o r  cach  of t h e  Nos. 1 ,  2 and 3 mi.rroi-s> and on2 ~ . i n s ~ e r  
t o o l  was f a b r i c a t e d  f o r  t h e  KO. 4 mir ro r .  
70 56 -F ina l  4 - 7  
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The t w o  N o .  1 m i r r o r  assembl ies  were t o  be  niachined as  follows: one 
b e  processed  a t  Quin tcsco ,  I n c a ,  Azusa,  C a l i f o r n i a  Along w i t h  t h e  
No. -. 1 m i r r o r ,  t h e  No. '  4 mj-rror mas ter  was t o  be machined a t  t h e  P a n s t e e l  
Company i n  T o r r a n c e ,  C a l i f o r n i a ,  
The p r e c i s i o n  measuring probe assemli l ies  were manufactured by N a r d e l l e  
I n d u s t r i a l  P r o d u c t s  of Monrovia, C a l i f o r n i a  
Ai tc r  ._ be ing  s e l e c t e d  f o r  the a p p r o p r i a t e  master each  b i l l e t  of 17-ft-Plrl 
s t a i n l e s s  s t e e l  was X-rayed and u l t r a s o n i c a l l y  i n s p e c t e d .  Any defect-s  
d e t e c t e d  were reviewed and airalyzed . .- e I f  the d e f r c t  -c\.ouid h i ~ d e ~  f i n a l  
p roduct  accuracy  and o p t i c s ,  ii: v a s  r e f o t g e d  aid cyau;jncd aga in ,  OTIC 
b i l l e t  f o r  t h e  No. 1 mastei' h a d  ai1 j n c l u s i z ~ ~  through the  c e n i c r  which 
~ 7 a s  n o t  c r i t i c a l  t o  m c h i n i n g  o p e r a t i o n s .  
- _  
A f t c r  thorough exa1.nination and e v a l u a t i o n ,  each s t a i n l e s s  s t e e l  b i l l e t  
w a s  chipped t o  t h e  cogn izan t  vendor f o r  machining.  Each €ac i . l< ty  made 
s e t u p s  f o r  each m i r r o r  m a s t e r .  Overarm assembl ies  were manufactured 
and checked o u t  on t h e i r  machines (F lg .  7 ) .  Some welding x.7as r e q u i r e d  
on t h e  No. l u n i t s  ( c e n t e r  p o s t s )  and a complete  f l a n g e  wcldiiicnt r i n g  
was r e q u i r e d  on the 140. 4 asseniibly. 
c t ior!  of  the u n i t  o u t ,  t h e  rouzh b i l l e t  was 
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When t h e  t r u i n g  of t h e  m a t e r i a l  was completed,  a rough machine c u t  b7ds 
made t o  b r i n g  a l l  r e q u i r e d  dimensions t o  w i t h i n  0,020 i n .  The rough 
c u t  u n i t  was t hen  removed from t h e  l a t h e  and a dye p e n e t r a n t  check made. 
There was no ev idence  of c r a c k s  in t h e  s u r f a c e s  of any of t h e  u n i t s  
checked and p r o c e s s i n g  con t inued  e 
A f t e r  f i n a l  machining,  each u n i t  was h e a t - t r e a t e d  t o  a ha rdness  of 38 
t o  42 Rockcwell C, While each u n i t  ~ 7 a s  be ing  h e a t  t r e a t e d ,  t h e  probe 
measuring d e v i c e s  were se t  up i n  t h e  machines and checked o u t .  A f t e r  
the h e a t  t r e a t e d  u n i t ,  a l o n g  wi th  c e r t i f i c a t i o n s ,  was r e t u r n e d ,  i t  was 
s e t  up In  t h e  l a t h e  and c l o s e l y  checked. The p r e c i s i o n  elect1roni.c probe 
was then clieclced o u t  and a l i g c e d  Tsith the  system. 
Upon comple t ing  t h e  new s e t u p ,  scans  of t h e  contourcd  s u r f a c e  were made 
wi th  the  e l e c t r o n i c  probe t o  det--.ixiine t h e  c o n t o u r  i t s e l € .  Each scan  
ti.icls recorded  and ieciieclied u n t i  1 s a t l s i o c t o r y  achievement of I:epeatahl.c 
d a t a  were ob ta ined  ( F i g s .  8 L K C ~  9) 
Pihen s a t i s f a c t o r y  con tour s  m r e  c b t a i n c d ,  ,711 n e c h h i n g  was Stopped and 
probe c l ~ e c k s  r e r u n ,  I f  t h e  u n i t  was a c c e p t a b l e  for contour  and machine 
f i n i s h  ( 4  t o  10 rnis) , i t  was rcnnved from t h e  machine. 
A f t e r  f i n a l  machine c o n t o u r ,  t h e  m i r r o r  mas te r  was c a r e r ' u l l y  packaged 
and shipped t o  t h e  o p t i c a l  polisl i i .ng f a c i l i t y ,  A t  t h i s  t i m e ,  a l l  s e t u p s  
were mad? and a l l  p o l i s h i n g  and g r i n d i n g  t o o l  heads izolded. 
Gr ind ing  o p e r a t i o n s  were s t a r t e d  and the t o o l i n g  had a s h o r t  b r e a k - i n  
pe r iod  due t o  the  h igh  accu racy  of 1111: r i c h i n e d  f i n i s h .  Grincling con-. 
pounds ~ 3 r d  w r e  Car i i s i t e  g r i t  o f  v a r i o ~ i s  s i z t - s  an2 wz te r  l u b r i c a n t .  
Gr ind ing  con t inued  u n t i l  t h e  e n t i r e  s u r f a c e  l o s t  i t s  r e f l c c t i v c  f i n i F h  
and had a d u l l  g r e y  appearance .  
p e n e t r a n t  t e s t  was r e r u n  t o  cbeck for c racks  o r  any o t h e r  defects. 
A l l  g r i n d i n g  then  s topped ,  and  a dye 
- -  
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A f t e r  t he  epoxy had c u r e d ,  the template w a s  removed d 
retai-ned t o  t h e  t h i n  f i l m s  sec t i .on  t o  have a n  aLuminized c o a t i n g  a p p l i e d  
t o  t h e  con tour  edge o f  the t empla t e .  The c r o s s  template  was t h e n  o p t i -  
c a l l y  t e s t e d  t o  compare the o p t i c s  oE ;he master t o  t h e  r e q u i r e d  o p t i c s  
needed on the HASA m i r r o r s .  If t h e  o p t i c a l  t e s t  was ~ i t h i n  limits and 
a c c e p t P b l e ,  t h e  u n i t  t-ras polihhec?. I f  o p t i c a l  d e f e c t s  d i d  e x i s t ,  t h e  
u n i t  was r e t u r n e d  f o r  more grincling" 
O p t i c a l  p o l i s h i n g  i s  a long  Exieilsive p r o c e s s .  
used f o r  p o l i s h i n g  a s  was used f o r  the. g r indi i lg  operztio:rs, w i t h  the 
excepticiil of t h e  ppdding which nizi:..es - contaci;. --- - _  __ iiit-h the o p t i c z l  s u r f a c e  e 
The sane t o o l i  
g r i t  s i z e s .  Wa'ier was the l u b r i c a n t ,  and, a s  t he  p o l i s h  o f  t h e  s u r f a c e  
i n c r e a s e d ,  l ess  l u b r i c a n t  was used. The s u r f a c e  was c o n t i n u o u s l y  
p o l i s h e d  u n t i l  the a c c e p t a b l e  r e f l e c t i v e  o p t i c a l  s u r f a c e  w a s  ach ieved  e 
Eo s c r a t c h  o r  d i g  s p e c i f i c a t i o n s  were used,  because t h e  b e s t  o p t i c a l  
__ - .- __ __  - . __- - . __ - - . - - -.__- 
s u r f a c e  o b t a i n a b l e  was a11 t ha t  was accep ted .  
Epon complet ion,  the u n i t  was c a r e f u l l y  wrapped i n  lens t i s s u e ,  c o ~ ~ e r e d  
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No. 3 ,  P/N 614576 12.25 i n .  10.060 i n .  17.0 i n .  ( 2  each) 
No. 4 ,  P/M 614320 46.0 i n .  AO.OGO i n ,  52.0 in, (1 each) 
(Hex) 
The Nos. 1, 2 ,  and 3 m i r r o r  r e p l i c a t i o n s  were p l a t e d  d i r e c t l y  on t h e  
17-4-PH s t a i n l p s s  s t e e l  mas te r s  O p t i c a l  s u r f a c e  c o n d i t i o n s  remained 
accep:-able through most of t h e  p l  az ines  The mas te r s  were removed 
p e r i o d i c a l l y  Erom t h e  p l s t i t q ,  Zinc t o  c l ean  up the  d i g s  2nd minor 
s c r a t c h e s  t h a t  occu r red  du r ing  c l e a n i n g  o p e r a t i o n s .  ( P r i o r  t o  the 
u n i t  r e t u r n i n g  t o  the  p l a t i n g  c y c l e ,  the s u r f a c e  was c leaned  and a i r -  
d r i e d . )  Even though p r e c a u t i o n s  were e x e r c i s e d ,  t h e  o p t i c a l  s u r f a c e  
s t i l l  p icked  up m i  c r a t c l i e s  and had t o  be removed from 
s e r v i c e  p e r i o d i c a l l y  and o p t i c a l l y  po l i shed  t o  i n s u r e  accep tab i  l i . t y .  
The r e q u i r e d  t o l e r a n c e  of 34 minutes  of  a r c  was achieved  and  h e l d  
throughout the  p l a t i n g  c y c l e s .  
- 
.- __ ____-___ ____ -. - - _ _ _  - 
- ~ _ - -  _____ -- - r--T -7 
*. _-iEwn-. 
Sur face  d e g r a d a t i o n  c o n s i s t e d  mainly of d i g s  arid s c r a t c h e s  on t h e  o p t i -  
c a l  s u r f a c e .  Th i s  was due t o  c l e a n i n g  and p a r t i n g  o p e r a t i o n s .  The 
m a s t e r s  
t i c a l l y  
P l a t i n g  
were removed from t h e  p l a t i n g  a r e a  once d u r i n g  s e r v i c e  and op- 
p o l i s h e d .  
l i f e  on the  two m a s t e r s  for  t h e  No. 2 inj.rror was as fol.lows: 
20-XAON-N1 had a t o t a l  of 43 rep1.i.cas 
20-XAOM-N2 had a t o t a l  of 69 r e p l i c a s  
The  N o .  3 - r n & r x g ~  masters were v e r y  s u c c e s s f u l  i n  comple t ing  p l a t i n g  
c y c l e s .  Mi r ro r  d i s t o r t i o n  due t o  s t r e s s e s  occur red  p e r i o d i c a l l y  and 
caused a few r e j e c t i o n s  These s p h e r i c a l  m i r r o r s  a r e  manufactured t o  
w i t h i n  one-ha l f  minute of arc  o p t i c a l l y ,  and t h e  s l i g h t e s t  stress o r  
h a n d l i n g  problem causes  deformat ion  of t h e  o p t i c a l  s u r f a c e  a 
F o u r t e e n  No. 4 s u b m a s t e r s  were r e p l i c a t e d  €or t he  f i r s t  40 No. 4 m i r r o r s .  
An a d d i t i o n a l  f i v e  No. 4 m i r r o r  submasters  were manufactured t o  complete 
t h e  l a s t  20 o p t i c a l  t r a i n  m i r r o r s .  
The surfaces of most of t h e  m i r r o r  masters h e l d  up well. Contours  were 
w i t h i n  the r c q u i r e d  l i m i t s  mecha:i$cally,  and f i n a l  o p t i c s  t e s t  perform- 
ance was w i t h i n  t o l e r a n c e .  With con t inuous  mon i to r ing  o f  t h e  s t resses  
d u r i n g  t h e  p l a t i n g  p r o c e s s ,  t he  ave rage  y i e l d  pe r  master was adequa te .  
More pla'i .ings were o b t a j n s d  from t h e  o p t i c a l  t r a i n  m a s t e r s  t h a n  from any 
o t h e r s  p r e v i o u s l y  manufactured.  
. - __ 
The problem o f  t h e  orange p e e l  c o n d i t i o n  w a s  t r a c e d  t o  s u r f a c e  ha rdness  
o €  t h e  master. There a p p c a r s  t o  be  a c r u s t  l a y e r  on t h e  o p t i c a l  surfrlce 
which has h a r d  and s o f t  areas .  P e r i o d i c a l l y ,  t h i s  orange peel e f f e c t  
a.ppears €ron t h e  p l a t i n g  p r o c e s s  (possi.ble s o l u t i o n  e t c h ) ,  b u t  i t  has  
bceu correci.ed by o p t i c a l  g r i n d i n g  and po I . i s l i i vg~  
Another prcblcm t h a t  h a s  heel7 rioLed on the  Xo. 4 master ldui- in: ;  t he  
orange peel o b s e r v a t i o n  i s  a g r a i n  s t ruc ture  p a t t e r n .  The g r a n  s t r u c -  
t u r e  can  be s e e n  i f  t h e  s u r f a c e  i s  obsertie'd c l o s e l y ,  b u t  does n o t  a f -  
€ecL o p t i c a l  performance. Cause  o f  t he  g r a i n  s t r u c t c l r e  has n o t  been 
determined . 
I 
Along w i t h  t h e  above problems, p o r o s i t y  appeared twice i n  t h e  seven 
masters machined. One KO, 1 msster had a h o l e  0.100 i n .  wide by 0.030 
i n ,  deep and 0 .924  i n .  long .  Th-is c a v i t y  completely d i sappea red  by t h e  
t i m e  f i n a l  machining was completed.  
There i s  a porous area a t  abou t  t h e  48-inch d i ame te r  on t h e  Xu. 4 mas te r .  
T h i s  c a v i t y  i s  1.010 i n .  l ong ,  0.060 i n .  wide,  and 0.030 in.  deep. 
During s u b n a s t c r  p l a t i n g ,  t h i s  area i s  masked o f f .  Thi.s de fo rmi ty  
4-19 
appears  on a11 r e p l i c a t i o n s ;  however, d u r i n g  m i r r o r  p r o c e s s i n g ,  t h i s  
a r ea  i s  c u t  of r '  s i n c e  i t  i s .  n o t  i n  t h e  useab le  a r e a .  
A s  o u t l i n e d ,  t h e  s u r f a c e  of some masters had t h e  orange p e e l  problem 
and t h e  appearance o i  g r a i n  s t r u c t u r e .  T h i s  problem h a s  been i n v c s t i -  
ga t ed ,  and it v a s  noted  t h a t  the  s t a i n l e s s  rmtei-ial .  was a i r  mc1tc.d. 
A i r  mcl.t:irig r e t a i n s  sonic of the  m i l l .  i n p u r i t i e s  i n  t h e  end p r o d u c t ,  
and may cause  t h e  imper fec t ions  no ted  i n  t h e  mas ter  b l a n k s .  
-------- - 
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4 :  2 REPLICATION 
__I- 
The r e p l i c a t i o n  o f  m i r r o r s  by e l e c t i - o h r m i n g  i s  a n  o l d  p rocess  developed 
t o  a h i g h  degree  i n  t h e  p a s t  n i n e  y e a r s  by EOS. T h i s  p r o c e s s  invo lves  
p l a t i n g  a t h i c k  d e p o s i t  of metal on a mandrel o r  mas te r ,  t h e n  s e p a r a t i n g  
t h e  d e p o s i t  from t h e  mas te r .  In t h i s  process  , chc e l e c t r o d e p o s i r e d  
metal i s  n i c k e l ,  b u t  z lmost  any nietal  may be used.  The two main r easons  
. -  ' n i c k e l  i s  s e l e c t e d  a r e  i t s  s t r e n g t h  and i t s  a b i l i t y  t o  r educe  i n t e r n ; l l  - - - _ _ _ _ _  - - - _  - - -  - _. -. 
stresses t o  a minimum. The fo l lowing  paragraphs  w i l l  d i s c u s s  t h e  p rocess  
d e t a i l s  s e q u e n t i a l l y .  
P r i o r  t o  coinmencing p roduc t ion  p l a t i n g ,  t h e  p a r t i c u l a r  p l a t i n g  t ank  t o  
b e  used i s  d r a i n e d  of  all p l a t i n g  s o l u t i o n  and tho roug l i ly \ c l eaned .  
t ank  l i n e r  i s  checked f o r  b l i s t e r i n g ,  c r a c k s ,  de l amina t ion ,  and c h a f f i n g .  
The --_-- 
. 
A l l .  mechanica l  hnrclware i s  examined and r e p a i r e d  o r  're l aced  a s  necessa ry .  
.--- I ?  
Upon conple t  Tng t h e  above,  al.1 c l e c t r i . c a 1  wi-cirIg aiid I~ardware i s  func t ion -  
a l l y  t e s t e d .  A l l  r e c t i f i e r s  , tenyersiu7-e c o n t r o l l e r ' s  , end r e c o r d i n g  de -  
vices a r e  s y s t e m a t i c a l l y  checked. 
The m i r r o r  mas te r  p l a t i n g  s e t u p  i s  t h e n  e s t a b l i s h e d .  An anode b a s k e t  
c o n t a i n i n g  n i c k e l  c h i p s  i s  s e t  i n t o  t h e  t ank  and c e n t e r e d .  The r o t a t o r  
assembly (mas ter  r e t a i n e r )  i s  i u n c t i o n a l l y  checked and c e n t e r e d ,  t h e n  
swung o v e r  t h e  anode b a s k e t  and a d j u s t e d  and locked  i n t o  p l a c e .  A f t e r  
the p l a t i n g  s e t u p  i s  made, t h e  r o t a t o r  i s  swung o u t  of t h e  tank .  
E o ~ ~ o w i n g  t h e  b a s i c  mechanical  p o r t i o n  o f  t h e  p l a t i n g  s e t u p ,  t h e  p l a t i n g  
b a t h  s o l u t i o n  i s  pumped through a f i l t e r  i n t o  t h e  p l a t i n g  tank.  The 
s o l u t i o n  c o n s i s t s  of  n i c k e l  c o n c e n t r a t e ,  de ion ized  w a t e r ,  and a d d i t i v e s .  
When the  r e q u i r e d  amount o f  s o l u t i o n  has been  in t roduced  i n t o  t h e  t ank ,  
power i s  a p p l i e d  t o  the imners ion  h e a t e r s  and t h e  t a n k  t empera tu re  i s  
r a i s e d  t o  p roduc t ion  r equ i r emen t s .  
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IJlien t h e  r e q u i r e d  t empera tu re  i s  ach ieved ,  a s t r i p  t e s t ,  n p;"l tes t  , 
and a b a t h  a n a l y s i s  a r e  made. The p l a t i n g  b a t h  parameters a r e  c l o s e l y  
checked as i s  t h e  e lec  t ro-mechanical  suppor t  hardware.  Any r e q u i r e d  
s o l u t i o n  changes a r e  made t o  meet the s o l u t i o n  parameters. I.leanwhile, 
a l l  s u p p o r t  gear i s  checked o u t  t o  assure p rope r  o p e r a t i o n  d u r i n g  p l a t -  
i n g .  The r o t a t o r  i s  completely checked o u t ,  i n c l u d i n g  a l l  e l e c t r i c a l  
c i r c u i t r y  and secondary s u p p o r t  equipment. 
During t h e  s o l u t i o p  checkout  phase ,  the  m i r r o r  mas te r  assembly i s  b e i n g  
tho rough ly  cl.erined. C lean ing  c o n s i s t s  o f  u s i n g  a t h i n  s o l u t i o n  o f  
13arns i te  p o l i s h i n g  compound and w a t e r  , and sc rubb ing  t h e  o p t i c a l  con tour  
s o u r i a c e .  A f t e r  s c rubb ing ,  t h e  master s u r f a c e  i s  r i n s e d  t r i ~ h  d i s t i l l e d  
' w a t e r  arid a i r  d r i e d .  
Pe r sonne l  from t h e  P r o c e s s  C o n t r o l  a r e a  i n s p e c t  t h e  s u r f a c e  f o r  c l e a n -  
l i n e s s  and ScraLches.  I f  acceptz:Ll.e, p r o c e s s  Coiltrol  i s s u e s  accep tance ,  
and p l a t i n g  p r o c e s s  p r e p a r a t i o n  corti-i 1111es. 
A f t e r  t h e  c l e a n i n g  procedure i s  cocip1 et? nnd a c c e p t a b l e ,  t h e  mas te r  
s u r f a c e  o u t e r  a r e a  i s  masked o f f  a l o n g  w i t h  t h e  c u t e r  edge di.aaieter. 
(This  i s  accomplished by t h e  u s e  o f  p l a s t i c  p l a t e r s  t a p e ) .  The back 
s i d e  o f  t h e  master i s  then  conred w i t h  a s t o p - o f f  m a t e r i a l ,  which cov- 
ers t h e  mas te r  a r e a  (back s i d e )  a t t achmen t  hardware,  and r o t a t o r  s h a f t .  
When a l l  p r e p a r a t i o n s  a r e  coinplete and accc.ptable ,  P rocess  C o n t r o l  re- 
i n s p e c t s  a l l  pa rame te r s  and g i v e s  t h e  go-ahead t o  s t a r t  t h e  p l a t i n g  
c y c l e .  
t h e  p l a t i n g  b a t h ,  and the p l a t i n g  c y c l e  i s  s t a r t e d .  
The r o t a t o r  i s  then ' r e p o s i t i o n e d ,  t he  11~2ster i s  submerged i n t o  
A l l  p e r t i n e n t  d a t a  s u c h  as s t a r t  t i m e ,  v o l t a g e ,  amperage, and s o l u t i o n  
ternperatures a re  recorded.  A s  the s t r i p  t e s t i n g  and s o l u t i o n  a n a l y s i s  
a r e  nncie, t h e i r  resu1.t~ a re  r eco rded  on t h e  p l c t i n g  s h e e t  and a l s o  per.- 
nlnlt:xiltly Ei led i n  t h e  P rocess  C o n t r o l  Laboratory.  These r e c o r d s  a r e  
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main ta ined  d u r i n g  t h e  complete p l a t i n g  c y c l e  (F ig .  10). Upon complet ion 
o f  t h e  p l a t i n g  c y c l e ,  t-he s t o p  t i m e  i s  r eco rdcd ,  t h e  a u x i l i a r y  systems 
are  s h u t  down, and the m i r r o r  master i s  readiecl f o r  b a t h  rcmoval. 
Removal from t h e  b a t h  i s  acconiplished by swinging t h e  r c t a t o r  o u t  o f  
the p l a t i n g  t ank  and r e s t i n g  j t  on  t h e  s i d e  o f  the tank on bot toming 
s t o p s .  Immediately,  t h e  m a s t e r - r e p l i c a  i s  r i n s e d  o f f  t7ith de ion ized  
w a t e r  t o  *dil.ute' - -._ - t h e  r e s i d u e  p l a t i n g  s o l u t i o n ,  washed tho rough ly ,  and 
a i r  d r i e d .  
A t  thi.s time, t h e  u n i t  r e p l i c a  i s  i d e n t i f i e d  by m i r r o r  m a s t e r  number 
and r e p l i c a  number, When i d e n t i f i c a t i o n  i s  made, tlie back s u r f a c e  a r e a  
o f  tlie r e p l i c a  i s  examined f o r  p i t s ,  de fo rma t ion ,  c r a c k s ,  e tc .  The 
r e p l i c a  i s  t h e n  pneumat i ca l ly  p a r t e d  from the m a s t e r  and,  alolig w i t h  
the o p t i c a l  s u r f a c e  of  t h e  master, i s  r i n s e d  and washed. The mas te r  
s u r f a c e  i s  t h e n  covered w i t h  R p?:otecf:ive cvvi31:. 
T h e  m i r r o r  r e p l i c a  i s  now cxc.o;ined Cor drum@ 0%: deFcrmation, and a n y  
o t h e r  obvious d e f e c c s  . A l l  paperwoi-k and p e r m n e n t  r e c o r d s  a re  checkcd , 
a i d ,  i f  a l l  c r i t e r i a  a re  i n  order, P r o c e s s  ~Control .  s chedu les  t h e  m i r r o r '  
r e p l i c a  t o  b e  used f o r  m i r r o r  p r o d u c t i o n  f a b r i c a t i o n .  
~- 
NOTE 
- -- -. 
I n  cases of  a f i r s t - r u n  r ep l j - ca  i n  p r o d u c t i o n ,  t h e j u n i t  is c u t  up 
L---c------__-- 
i n t o  1 - i n .  s t r i p s  a f t e r  i t  i s  p a r t e d  and examined. Thickness  
checks a r e  made every 0.250 i n .  a l o n g  each s t r i p .  T h i s  t e s t  E 3  
i s  c a l l e d  a " p r o f i l e  t e s t . "  Ca ta  from t h i s  check r e l a t e s  t h e  - _ _  
u n i f o r m i t y  o f  t he  p l a t i n g  a p p l i c z t i o n  and a r e  a l s o  ZIZ a i d  i n  
checking a l l  pa rame te r s  i n  t h e  p l a t i n g  c y c l e ,  A l l  p e r t i n e n t  
d a t a  a re  f e d  back t o  t h e  p l a t i n g  s u p e r v i s o r  who i n  t u r n  re- 
q u e s t s  changes i n  b a t h  s o l u t i o n s  i f  r e q u i r e d .  
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The  purposc of  t h e  s t r i p  t es t  i s  t o  provide  techniques  f o r  t h e  measure- 
ment of stress i n  e l e c t r o d e p o s i t e d  n i c k e l  aL-Ld c o n t r o l  of p l a t i n g  v a r i -  
a b l e s  t o  m a i n t a i n  optimum stress l e v e l s .  
Measurenent of stress i n  e l e c t r o d e p o s i t e d  n i c k e l  i s  performed by p l a t i n g  
a r c c t a n g u l a r  a r e a  of e x a c t l y  0.01 s q  f t  on one s i d e  of  a s t a i n l e s s  
s tee l  b a r  ( G  i n .  x 0.5 i n .  x 0.010 i n , ) .  The remainder  o f  t h e  s t r i p  
is  masked o f f  w i t h  t ape .  A d e p o s i t  of 0.0005 i n .  of n i c k e l  i s  e l e c t r o -  
d e p o s i t e d  o n t o  t h e  exposed a r e a  I) Two s t r i p s  are  p l a t e d  s imul t aneous ly  
and t h e  two d e f l e c t i o n s  a r e  averaged t o  the  n e a r e s t  thousandth  of a n  
inch .  
S t r e s s  i n  t h e  n i c k e l  d e p o s i t  causes i-he s t r i p  t o  d e f l e c t  toward o r  away 
from the measuring device  as i l l u s t r a t e d  i n  F i g ,  11. Measurement of t h e  
p l u s  o r  minus d e f l e c t i o n  ( s t r a i n )  g ives  t h e  T m s i l e  (+) o r  Compressive 
s t r e s s e s  (--) of t h e  s t r i p s  be ing  eva ' lnated.  T1,i.s d a t a  L s  recorded  and 
fed  back  t o  the  p l a t j a g  l i n e  5 3  ad:u,-:ix;cntc a x 1  changes ~ 3 1 1  3" marlc. 
'She d e f l e c t i o n  of t h e  s t r ip  t e s t  s a ~ a p l c , .  a:; sho.;n i.n F i g ,  1 2 ,  i s  a 
f u n c t i o n  o f  che average c u r r e n t  d e n s i t y  and t h e  s o l u t i o n  tcmperatuxe . 
P o i n t  d e f l e c t i o n  may be conver ted  t o  i n t e r n a l  resiC!~ml s t ress  by use 
oi F i g .  1 2 .  
I n  o rde r  t o  m a i n t a i n  the.  p rope r  c u r r e n t  d e n s i t y - r e s i d u a l  s t ress  b a l a n c e ,  
s t r i p  tes ts  were r e q u i r e d  a t  least-. once a clay. DTJe t o  t h e  r e sponse  of  
t he  p l a t i n g  b a t h  t o  d a i l y  chemical a d d i t i o n s ,  and the  e f f e c t  of the  
p l a t i n g  c y c l e s ,  s t r i p  t e s t i n g  vas i n c r e a s e d  to- two-hour i n t e r v a l  checks .  
These parameters  are  c o n t r o l l e d  c l o s e l y  as noted  , and a l l  a c c e p t a b l e  
m i r r o r s  were w i t h i n  t h e  s p e c i f i e d  p l a t i n g  s'lress range .  
P e r i o d i c a l l y ,  p l a t i n g  stresses caused deformed m i r s o r s  which were o u t  
o f  o p t i c a l  t o l e r a n c e s  and consequent ly  were r e j e c t e d ,  Based  011 the  op- 
t i c a l  t e s t  r e s u l t s ,  t he  p l a t i n g  s t r e s s e s  are c l o s e l y  c o n t r o l l e d  and ad-  
j u s tmen t s  a r e  mlde when r e q u i r e d  a f t e r  eacli o p t i c a l  t e s t .  
4. - 2 5 
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The main p l a t i n g  problem encountered  was t h e  f l a t  "S" curve  on  t h e  
No. 2 r e p l i c a s .  
cause  t h e  o p t i c a l  geometry t o  b e  o u t  o f  t o l e r a n c e .  These m i r r o r  r ep -  
l i cas  a r e  t o  be main ta ined  a t  an  o p t i c a l  t o l e r a n c e  o f  C3-112 minutes  
of arc ,  and a r e  ve ry  s u s c e p t i b l e  t o  change i n  p l a t i n g  s t r c s s e s .  T h i s  
i s  comiion f o r  f l a t  m i r r o r s ,  a s  t h e  f o r c e s  r e q u i r e d  f o r  movement a r c  
much less t h a n  t h o s e  r e q u i r e d  f o r  m i r r o r s  w i t h  _smaller-  r a d i i  of 
c u r v a t u r e .  The same i s  t r u e  f o r  t h e  No. 4 r e p l i c a ,  e s p e c i a l l y  w i t h  
t h e  i n c r e a s e d  s u r f a c e  a r e a  involved .  
The s l i g h t e s t  change i n  t h e  p l a t i n g  stress would 
- - 
____ -__-- -- 
_____-___I_-_----- 
I n  o r d e r  t o  m a i n t a i n  t h e  stress parameters ,  t h e  pfi and tempera ture  must 
be c o n t r o l l e d  w i t h i n  requi-red limits The tempera ture  i s  monitored and 
c o n t r o l l e d  w i t h i n  1 2  F .  During t h e  p l a t i n g  r u n s ,  t h e  pfl i s  monitored 
and c o n t r o l  i s  he Id  w i t h  0 . 2  o €  t h e  r e q u i r e d  pH level .  
0 
- _-- _I______ 
DurFng the p l a t i n g  c y c l e s ,  a chemical  a n a l y s i s  was made on each c f  
t h e  p l a t i n g  days .  The c r i t i c a l  c o n s t i t u e n t s  and t h e  m o u n t  o f  cnch 
(chlo-r ide,  b o r i c  a c i d ,  and n i cke l  j were determir?t?d by t h c  EOS Stnndnrd 
Chemical Anolys is  P rocedure ,  da t ed  11 /20 /67 ,  and EGS Disective 35-1, 
da t ed  10/25/G5. 
added d u r i n g  t h e  second s h i f t .  T h i s  i s  done so  t h e  new a d d i t i o n s  can  
d i s p e r s e  i n t o  t h e  p l a t i n g  b a t h  and a n a l y s i s ,  and s t r i p  tests can  be  
r u n  p r i o r  t o  commencing t h e  p l a t i n g  c y c l e .  
1 E  and when chemical  a d d i t i o n s  a r e  r e q u i r e d ,  t h e y  a r e  
The chemical  c o n t e n t  r c q u i r e d  i n  t h e  p l a t i n g  ba th  h a s  a d c f i n i t e  r ange  
t o  b e  ma in ta ined .  These poraineters  a r e  monitored c o n t i n u a l l y ,  and any 
a d d i t i o n s  are  noted  and added a s  r e fe renced  above. 
4 - 2 6  
a l l  were modi f ied  t o  provide  a cont inuous  i n t e g r a l  t h  c o o l a n t  f low 
passage .  
___- 
Vendor s e l e c t i o n  €or t h e  procurement of t h e s e  u n i t s  w a s  based  on com- 
p e t i t i v e  bi.ds t o  a f i x e d  d e l i v e r y  schedule .  P r e v i o u s  expe r i ence  wi th  
t h e  c a s t i n g  ‘ s u p p l i e r s  f o r  t h e  e a r l i e r  program (NAS9-1097) gave some 
i n s i g h t  i n t o  t h e  p o t e n t i a l  problems on d e l i v e r y  and q u a l i t y .  A l . 1  sup- 
p l i e r s  were surveyed by EOS Q u a l i t y  Assurance p r i o r  t o  t h e  performance 
of any ~ o r k .  
The MSC-selected c a s t i n g  des igns  were the  l e a s t  expens ivz  desigi is  based  
on c o s t  e s t i m a t e s  supp l i ed  by EOS; and ,  a s  w i t h  any new d e s i g n s ,  com- 
promises  were made. The new c a s t i n g s  a l l  used an  i n t e g r a l  prater pas-  
sage  of some type  and were provided wi th  new mounting p o i n t s  which a r e  
n o t  i n t e rchangeab le  w i t h  t h e  e a r l y  types .  A l l  t h e  new u n i t s  cou ld  be  
used i n  t h e  e a r l y  sys tems,  b u t  r e q u i r e d  i d a p t e r  k i t s  t o  be des igned  
and manufactured.  The wa te r  c o o l i n g  passage i n  t h e  new No. 1 mirror 
used a c a s t i n g  which r e q u i r e d  the  weld ing  of  r i n g s  t o  form t h e  c o o l i n g  
passage .  The e a r l y  type  used an epoxy-bonded aluminum s p i n n i n g  t o  form 
t h e  s e a l e d  passage .  T h i s  new u n i t  provided t h e o r e t i c a l  advantages  
which became less  e v i d e n t  du r ing  manufacture  .) 
- _ _  -- ____ 
- ~ -___ 
- 
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r e t a i n  the  u n i t  by clamping and p r e h e a t i n g  p r i o r  t o  and d u r i n g  t h e  
a c t u a l  weld ing .  The  nex t  problem was caused by p o r t i o n s  of t h e  alumi- 
num r i n g  s s g g i n g  i n t o  t h e  wa te r  passage ,  p r e v e n t i n g  s u f f i c i e n t  water  
f low and weld p o r o s i t y  d u r i n g  t h e  150-ps i  p re s su re  t e s t .  T h i s  was 
prevented  by  f low and pressure checks a f t e r  t h e  f i r s t  \:elding p a s s .  
Problems a l s o  occur red  wi th  some u n i t s  which passed a l l  t es t s  p r i e r  
t o  c o a t i n g  t h e  wa te r  passages  and then  i n c u r r e d  s toppages  o r  f low re- 
s t r i c t i o n s  d u r i n g  t h e  c o a t i n g  p rocess .  These were caused  by  machining 
c h i p s  which o n l y  packed when a h i g h  v i s c o s i t y  f l u i d  passed through t h e  
c a s t i n g s .  T h i s  problem w i l l  be  d i s c u s s e d  i n  more d e t a i l  i n  t h e  s e c t i o n  
on wa te r  passage  c o a t i n g s  which fo l lows .  
The  No.  2 c a s t i n g s  were chainged ve ry  s l i . gh t ly  i n  t h e i r  d e s i g n ,  and t h e  
changes r e s u l t e d  i n  no - new major probIerns. 
The N o .  3 c a s t i n g  des ign  132s a l c o  roughly  t h e  sane a s  it.,.? e a r l y  u n i t s .  
The o n l y  major  change was t h e  I ~ Z C U U K  i rnprtgi . ie t ion of t h e  c a s t i n g  with 
epoxy f o r  vacuum i n t e g r i t y  and corrosic;n r e sLs tance  I T h i s  p rocess  w a s  
ve ry  s u c c e s s f u l ,  and no KO. 3 c a s t i n g s  were r c j e c t e d  i n  he l ium l e a k  
check.  
. 
The Nos. 2 and 3 cast i .ngs a r e  s i m i l a r  ins t h a t  t h e y  bo th  have open c a v i -  
t i e s  through which t h e  water  c o u r s e s  r a t h e r  t han  c o n t a i n i n g  con t inuous  
c o o l i n g  passages .  
The No. 4 c a s t i n s  r e q u i r e s  a he l ium-leak  t e s t  and uses a d i f f e r e n t  coo l -  
i n g  approach.  T h i s  u n i t  h a s  s t a i n l e s s  s tee l  tube  c a s t  i n t e g r a l  2n t h e  
u n i t ,  r a t h e r  t h a n  a composi te  a s  shown i n  F j g .  13. S t - a in l ezs  s t e e l  
niouriting i n s e r t s  were a l s o  c a s e  i n  p l a c e .  The t u b t n g  n s s e d l i e s  were 
welded t o  a s p i d e r  p r i o r  t o  c a s t i n g  t o  h o l d  them i n  the proper  p o s i t i o n .  
They were a l s o  h ~ I . i u r : i - i e ~ ~ k  checked p r i o r  t o  c a s t i n g ,  and t h i s  r e s u l t e d  
i n  ~ X J O  f a i l u r e s .  0r:e f a i l u r e  1~7~1s d i scove red  du r ing  t h e  h o t  wa te r  t e s t  
a f t e r  bonding,  and one u n i t  fa i - led  t h e  hel ium l e a k  t e s t .  The u n i t  t h a t  
-_ 
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l eaked  on wa te r  ilow was damaged dur ing  machining when a t a p  d r i l l  
p e n e t r a t e d  t h e  s t a i n l e s s  tubing: .  The u n i t  whi-ch f a i l e d  t h e  he l ium t e s t  
l eaked  as a r e s u l t  of a c a s t i n g  vo id  weld r e p a i r  xqhich a p p a r e n t l y  darn- 
aged t h e  tub ing .  T h i s  d e f e c t  was n o t  l o c a t e d  u n t i l  t h e  f i n a l  c o l l i m a t o r  
he l ium-leak  check. 
The c o n t r a c t  r e q u i r e s  c o r r o s i o n  p r o t e c t i o n  i n  t h e  n t i r ror  wa te r  c o o l i n g  
passages .  The No. 4 mir ro r  i s  t h e  o n l y  u n i t  which does n o t  have an 
unpro tec t ed  aluminurri i n t e r i o r ,  s i n c e  i t  h a s  a c a s t - i n  s t a i n l e s s  s t e e l  
c o i l .  The KO.  3 m i r r o r  was vacuum impregnated which g i v e s  a f a i r  de- 
g ree  of c o r r o s i o n  p r o t e c t i o n .  But t h i s  was done p r i m a r i l y  f o r  vacuum 
s c a l i n g  -- s i n c e  - - - t h i s  ___ u n i t ,  _ _ ~  l i k e  t h e  No, . -  4 m i r r o r ,  i s  i n  vacuum _. - . 
dur ing  system o p e r a t i o n .  The No, 1 and N o .  2 m i r r o r s  a r e  bot-h welded 
t o  form the  water  c o o l i n g  passages .  The No, 2 m i r r o r  h a s  an oper, c a v i t y  
wh i t e  t h e  No, 1 h a s  a "I)" sha] d waicr passage a s  for1:iQd by t h e  welded 
r i n g s .  A t  a p o i n t  i n  t h e  pr~':;~*a~i;, a f t - e r  s e v e x a l  un i t - s  were c o n p l c t e d ,  
i t  was r e a l i z e d  t h a t  t h e r e  v a s  no c o r r o s i o n  p r o t e c t i o n  i n  t h e  No. 1 and 
No. 2 rriirl-ors. The f a c t  t h a t  u n i t s  had been assembled s e v e r e l y  l i m i t e d  
t h e  p rocesses  a v a i l a b l e .  Most of the  c o a t i n g  p r o c e s s c s ,  such a s  e lec-  
t r o l y t i c  c o a t i n g s  and chemical  convers ion  c o a t i n g s ,  used r e l a t i v e l y  
h igh  te r rperh tures  and c o r r o s i v e  m t e r i a l s .  
g a t e  c o a t i n g s  which were o r g a n i c  i n  n a t u r e .  
s u c c e s s f u l  a p p l i c a t i o n  of these  o rgan ic  c o a t i n g s  depended on s u r f a c e  
p r e t r e a t m e n t s  s i m i l a r  i n  n a t u r e  t o  t h e  p r i o r  d i sca rded  e l e c t r o l y t i c  and  
chemical  convers ion  c o a t i n g s ,  o r  a b r a s i v e  c l e a n i n g  t o  p r e p a r e  t h e  s u r -  
f a c e .  I n  some c a s e s ,  a pr imer  was a l s ~  r e q u i r e d .  During the c o u r s e  
of t h e  i n v e s t i g a t i o n s ,  a s u p p l i e r  s u z g c s t e d  t h a t  a n  o rgan lc  s o j v e n t  be 
used ,  fo l lowed by a i r  d r y  and a c o a t i n g  u s i n g  a po lyure thane  p a i n t .  T h i s  
method %?as t r i e d ,  and tests vcre r u n  on t h e  u n i t  which was a No. 2 m i r r o r  
c a s t i n g  re jec t .  The f i r s t  a t t empt  Fa i l ed  a f t e r  820 hours ,  The p rocess  
It was dec ided  t o  i n v e s t i -  
A s t u d y  r evea led  t h a t  t h e  
. - __ __ - 
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was modir ied  and ano the r  1*7o. 2 c a s t i n g  and a No. 1 c a s t i n g  were c o a t e d .  
These u n i t s  were assembled i n t o  a c o l l e c t o r  box and w a t e r  was c i r c u l a t e d  
through t h e  system f o r  101)O hours .  The u n i t s  were removed from t h e  
system and examined, and no evidence of p a i n t  f a i l u r e  was d e t e c t e d .  The 
d e c i s i o n  was t hen  made t o  u s e  t h i s  p rocess  on a l l  No. 1 and No. 2 m i r r o r s .  
Request  f o r  approval  was submi t ted  and approved,  and The work was ac-  
complished on a l l  60 u n i t s  which were d e l i v e r e d .  
of t h e  l a s t  20 u n i t s ,  MSC d i scove red  p a i n t  f l a k e s  i n  s e v e r a l  o f  t he i r  
systems and c o r r e c t i v e  a c t i o n  was r eques t ed .  
P r i o r  t o  the d e l i v e r y  
-. -. . - . . ___ __ - __ . - -- -__- 
EOS then  began a s t u d y  of  removal t echn iques  f o r  t h e  polyure thane  p a i n t .  
Normal o r g a n i c  s o l v e n t s  were of no use  as  t h e i r  on ly  e f f e c t  v a s  t o  
loosen or  s o f t e n  the p a i n t .  Th i s  removal technique  was n o t  s a t i s f a c t o r y  
s i n c e  t h e r e  was no adequate  a c c e s s j t o  t h e  i n t e r i o r  O-E t h e  c a s t i n g s .  I t  
was de te rmined  t h a t  i t  was necessa ry  t o  have a method of d i s s o l v i n g  t h e  
pain:, r a t h e r  thnn  s o f t e n i n g  i t .  No conirnercial s o l v e n t s  were a\ ia ik ib lP ;  
and,  a l t e r  a program of t e s t i n g  m a t e r i a l .  conpciti .bi . l i ty,  coi icencrated 
sv! €ur ic  a c i d  was chosen.  All. ca s t i i i g s  t h a t  w?re p a i n t e d  were then 
s t r i p p e d  of p a i n t  u s i n g  t h i s  m a t e r i a l .  The assembled c o l l e c t o r  boxes 
p re sen ted  a s l i g h t l y  d i f f e r e n t  prublcm because  of t h e  m a t e r i a l s  i nvo lvcd ,  
----- -. - __ - - . - - 1 (such a s  ny lon ,  which i s  s o l u b l e  i n  - s i z l f u r i c  - .  -. acid).. These ~ problems were 
so lved  by u s i n g  polyprophylene t u b i n g  i n  t h e  s37s t e m  t o  bypass  vulnerab1.e 
m a t e r i a l s  d u r i n g  t h e  s u l f u r i c  a c i d  t r e a t n e n t .  Th i s  method was used  e t  
- .  - -  
NSC t o  remove t h e  p a i n t  from the  40 assembled c o l l e c t o r s .  
S ince  t h e  p a i n t  was removed, n o t h i n g  has  been done t o  p r o t e c t  the  
c a s t i n g s  excep t  f o r  w a t e r  c o n t r o l  a t  >iSC ( a  c l o s e d  system rising a n  
o r g a n i c  i n h i b i t o r ) .  It i s  e v i d e n t ,  a t  t h i s  t i m e ,  t h a t  co r ros ion  o f  t h e  
aluminum c a s t i n g s  i s  n o t  a c r i t i . c a 1  probles!. --- - _ -  _ _ _ ~  _ _ _  - - - 
4 - 3 3  
Upon comple t ion  of t h e  f i n a l  machining,  each c a s t i n g  was i n s p e c t e d  by 
Q u a l i t y  Cont ro l /Rece iv ing  I n s p e c t i o n .  
and water €low t e s t i n g  were conducted a t  t h e  s u p p l i e r s  f a c i l i t y . .  No 
h y d r o s t a t i c  leakage  was pex-ini t ted and a wa te r  flow minimum ~ i l s  c s t a b -  
l i s h e d  f o r  the type  m i r r o r  c a s t i n g g .  
Hydrosea t ic  t e s t i n g  t o  150 p s i 2  -_ - . - _. - .- 
A f t e r  each c a s t i n g  was accep ted ,  i t  was forwarded t o  t h e  p roduc t ion  
a r e a s .  As t h e  c a s t i n g  was r e c e i v e d  i t  vas  processed  through a c l e a n i n g  
p r o c e s s ,  per  EOS D i r e c t i v e  12-2. Upon c o x p l e t i o n  of t h e  c l e a n i n g  pro-  
cess ,  the u n i t  was i n s p e c t e d  and nppiyoval m s  given f o r  m i r r o r  r e p l i c a  
bond. 
The r e p l i c a  was s e t  up on a locatin:: and ho ld ing  f i x t u r e  and t h e  c a s t -  
i n g  ‘ ~ 7 . 2 ~  c a r e i u l l y  l o c a t e d  011 the r e p l i c a  back  s ide.  A f t e r  a l l  l o c a t i n g  
E ix tu res  were i n  place, t h p  i n s i d e  az:d outside d iame te r s  of t h e  c a s t i n g  
were marked. The c c s t i n g  was  t h e n  7-en;oved and p l a s t i c  t apc  a p p l j e d  to 
the  back  s i d e  of t h e  r e p l i c a  a r e a  which would n o t  be bonded. 
- _  . 
Afcer a l l  m s k i n g  was completed,  the s u r f a c e s  t o  be bonded on t h e  c a s t -  
i n g  and r e p l i c a  were scrubbed wi th  200 a l c o h o l .  Af te r  t h e  a l c o h o l  had 
d r i e d ,  the  m i r r o r  r e p l i c a  s u r f a c e  t o  be bonded was coa ted  w i t h  Pr imer  K 
and al lowed t o  d r y  f o r  4 5  minutes .  
0 
- . 
The epoxy was then weighed and mixed and a p p l i e d  t o  bo th  t h e  r e p l i c a  
and c a s t i n g  s u r f a c e s ;  t h e n ,  t h e  two s u r f a c e s  were indexed j o i n t l y  f o r  
bond. A f t e r  a s su rance  of c e n t e r i n g  and indcx ing ,  excess  epoxy v a s  
a p p l i e d  t o  a p r e v i o u s l y  c l eaned  a r e a  of  t h e  c3st in2,  ’and a torque 
b u t t o n  was p o s i t i o n e d  and guarded by means o f  a mechanical  cover .  
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The bonded u n i t  was then allowed t o  c u r e  f o r  a minimum of f o u r  hour s  
and a l l  e x c e s s i v e e p o x y  was trinznecl and removed. A f t e r  24 h o u r s ,  t h e  
breakaway to rque  of t h e  t e s t  b u t t o n  was checked by Q u a l i t y  Con t ro l  and 
DCAS pe r sonne l  a s s igned  t o  t h e  bonding a r e a .  I f  s u c c e s s f u l  t o rque  re -  
s u l t s  were achieved (10 f t / l b  o r  more) t h e  u n i t  was a c c e p t a b l e  and 
r e l e a s e d  f o r  p r e l  i n i n a r y  o p t  Fcal t es  king. 
Torque  v a l u e s  of l e s s  t h a n  10 f t / l b  were r e j e c t e d ;  however, v e r y  few 
u n i t s  were below t h i s  l e v e l  o f  torque va lue .  
The No. 1 n i r r o r  i s  bonded u s i n g  a contoured bonding f i x t u r e ;  t h e  No. 
2 Eirror uses  a vacuum r e t e n t i o n  f i x t u r e ;  t h e  No. 3 m i r r o r  i s  c e n t e r e d  
on t h e  opti .ca1 a x i s  and bonded t o  the  c a s t i n g ;  and t h e  No. 4 m i r r o r  i s  
bonded t o  t h e  r e p l i c a  while t h e  r e p l i c a  i s  s t i l l  r e t a i n e d  on t h e  No. 4 
p l a t i n g  srzbmaster t o o l  a 
Dui-ing t h c  bonding o p e r a t i . o n s ,  t h c r c  i i ~ r e  a f ev  pro!)lc!fis encoar i c r c ~ d ,  
Bad b a t c h e s  o€  epoxy vese n o t e d ,  tht. f i r s t  of idl'cth had d a r k  parvicles . 
i n  t h e  mixt-ure. A l l  of t h i s  epoxy was d i s c a r d e d ,  and no - o t h e r  problems 
occur red  u n t i l  t h e  l a s t  b a t c h  of  epoxy was used.  Two m i r r o r  bonds were 
lost due t o  low t o rque  r e s u l t s .  When t h e  m i r r o r  r e p l i c a s  were p a r t e d  
from t h e  c a s t i n g s ,  the  epoxy had l o c a l i z e d  a r e a s  which d i d  n o t  c u r e  L] 
properly. These bonds were from a b a t c h  of f r o z e n  eposy. S i n c e  no 
v a l i d  reason Tor poor c u r e  cou ld  be found by EOS and t h e  epoxy vendor ,  
f r o z e n  r i i s  was d i s c o n t i n u e d  and hand-nixed epoxy was used d u r i n g  t h e  




_ - -  
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Aiter  complet ion of t h e  bonding o p e r a t i o n ,  t h e  m i r r o r  i s  t e s t e d  t o  see 
i f  t h e  o p t i c a l  f i g u r e  i s  c o r r e c t  even though i t  may change a f t e r  Elox 
c u t t i n g .  Tlie t e s t  s e r v e s  two purposes:  f i r s t  i t  d c t e r n i n e s  t h a t  t h e  
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u n i t  i s  a c c e p t a b l e  f o r  e l o x  c u t t i n g ;  second, i f  i t  i s  o u t  of o p t i c a l  
t o l e r a n c e ,  a p l a t i n g  s t r e s s  c o r r e c t i o n  may beemade. T h i s  t e s t  i s  the  
v e r n i e r  adjustment  of s t ress  c o n t r o l  s i n c e  v e r y  sma l l  s t ress  changes 
c a u s e  s i g n i . f i c a n t  o p t i c a l  geometry changes.  
Each u n i t  i s  s e t  up 011 an o p t i c a l  t e s t  bench and ad jus tmen t s  a r e  made 
w i t h  t h e  mechanical  p o r t i o n s  of  t h e  t e s t  equipment a s  r e f e r e n c e d  i.n 
t h e  OT 1000 (Appendix A) t e s t  p rocedures .  . The Nos. 1, 2 ,  and 4 m i r r o r s  
a r e  t e s t e d  acco rd ing  t o  t h e  test. procedure i n  a t e s t  tower a t  p o i n t s  
on t h e  v e r t i c a l  (X a x i s )  and h o r i z o n t a l  (U a x i s )  of t h e  m i r r o r .  T y p i c a l  
setups a r c  shown i n  F i g s .  14 through 16 .  Any a r e a s  whi.ch e x h i b i t  d a r k  
o r  l i g h t  s p o t s  01- d e v i a t i o n s  i n  s c r e e n  g r i d  p a t t e r n s  a r e  a l s o  checked. 
The s u r f a c e  a r e a  i s  c l o s e l y  examined f o r  d i g s ,  s c r a t c h e s ,  d imples ,  
and g e n e r a l  appearance.  Any d e f o r m i t i e s  a r e  checked o p t i c a l l y ;  and , 
i f  t h e  r e q u i r e d  c r j - t e r i a  a r e  m e t ,  t he  u n i t  i s  accep ted  f o r  f u r t h e r  
p r o c e s s i n g .  I f  t h e  u n i t  i s  n o t  a c c e p t a b l e  o p t i c a l l y ,  it i s  r e j e c t e d  
and r ep rocessed .  
Any mass d c v i a t i o n  a r e a s  n o t e d  a r e  i n v e s t i g a t e d ,  and t h i s  i n fo rma t ion  
i s  then t r a n s n i t t e d  back t o  t h e  c o g n i z a n t  p r o c e s s i n g  s t a t i o n s  f o r  
c o r r e c t i v e  a c t i o n .  
The o p t i c a l  t e s t i n g  on t h e  No. 3 mFrror i s  performed u s i n g  a g l a s s  
c h e c k p l a t e  on t h e  mi.rror s u r f a c e ,  and a f r i n g e  coun t  i s  made. Many 
o p t i c a l  d e v i a t i o n s  can be  no ted  by t h e  expe r i enced  and t r a i n e d  eye and 
a r e  c l o s e l y  checked w i t h  t h e  gI ass  checkplate- .  F r i n g e  c o u n t s  i n  ex- 
cess of  16 .7  f r i n & e s / i i i c h ,  u s i n g  a 2-inch d i a  c h e c k p l a t e ,  a r e  c a u s e  
f o r  r e j e c t i o n .  I f  t h e  u n i t  i s  o p t i c a l l y  o u t  of  tol-erarlce,  i n s p e c t i o n s  
a d  e samina t ions  a r e  made and a l l  i n fo rma t ion  i s  forwarded t o  t h e  v a r i o u s  
p rocess  s e c t i o n s  a s  noted above. 
A l l  a c c e p t a b l e  uni. ts  a r e  r e l e a s e d  t o  prodtiction f o r  f u r t h e r  p r o c c s s i n ~ ,  
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A l l  m i r r o r s  were e l e c t r i c - s p a r k - d i s c h a r g e  nachined  on the  i n s i d e  and 
o u t s i d e  d i ame te r s  a f t e r  bonding and p re l imina ry  o p t i c a l  t e s t  o p e r a t i o n s .  
The m i r r o r  assembly was c u t  t o  s i z e  a s  c a l l e d  ou t  on t h e  s p e c i f i e d  
drawing. Eacli m i r r o r  assembly h a s  a s e p a r a t e  s e t  of c u t t i n g  t o o l i n g  
which a t t a c h e s  t o  t h e  machine c e n t e r i n g  head.  Th i s  t o o l i n g  i s  des igned  
€or e a s e  of replacement  because  i t  i s  consumed dur ing  t h e  c u t t i n g  
a c t i o n .  
A c a s t i n g  l o c a t i o n  f i x t u r e  i s  i n s t a l l e d  on t h e  machine c u t t i n g  t a b l e ,  
and each  c a s t i n g  i s  c e n t e r e d ,  and indexed p r i o r  t o  c u t t i n g .  The Eo.  
4 m i r r o r  i s  in&:;e-d t o  3 p o s i t i o n s  because t h e  Elox machine t o o l  o n l y  
c u t s  two s i d e s  of  t h e  hex and one of t h r e e  s l o t s  d u r i n g  each p a s s .  
A l l  e l e c t r i c a l  connec t ions  are r:adt, t h e  tub  around r h e  m i r r o r  asseinbly 
i s  f i l l e d  s i i t h  d i e l e c t r i c  o i  F a n i  thc  c 2 t t i n g  i s  accorr;.plished. 
. 
Ar'ter t h e  m i r r o r  assembly i s  c ~ t . ,  i t  i s  reuoved f r o n  t h e  mach.ine, 
waslled w i t h  d e t e r g e n t  soap ,  wa te r  r i n s e d , .  and a i r  d r i e d .  The i n s i d e  
and o u t s i d e  d i ame te r s  a r e  then  deburred  and t h e  u n i t  i s  w a t e r  r i n s e d  
a g a i n .  The m i r r o r  assenibl ies  a r e  then  mechanica l ly  i n s p e c t e d  t o  t h e  
a p p l i c a b l e  drawing,  and t h e  o p t i c a l  s u r f a c e  i s  v i s u a l l y  examined f o r  
s c r a t c h e s ,  d e b u r r i n g  n a r k s ,  e t c  . Any mechanical  d i s c r e p a n c i e s  a r e  
cause  f o r  r e j e c t i o n  o r  lIRT3 a c t i o n .  
t 
P e r i o d i c a l l y ,  u n i t s  were r e j e c t e d  due t o  Elox a r c i n g  which causes  
sma l l  p i t s  c l o s e  t o  t h e  edge of t h e  c u t  s u r f a c e  wiiich h i n d e r s  c o a t i n g  
a p p l i c a t i o n s .  These r c j e c t i o c s  were r a r e .  
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4.8 Z N A L  OPTICAL TEST 
The f i n a l  o p t i c a l  t e s t  i s  t h e  same t e s t  as  t h e  p r e l i m i n a r y  t e s t  
(OT 1000, Appendix A ) ,  b u t  i t  i s  wi tnessed  by bo th  DCAS and EOS i n -  
s p e c t o r s .  The No. 3 m i r r o r  i s  t e s t e d  u s i n g  a 2- in . -d ia  glass check- 
p l a t e  which has  t h e  c o r r e c t  r a d i u s  of c u r v a t u r e  % Plonochroinatic l i g h t  
is used f o r  a conven t iona l  f r i n g e  count  and t h e  whole s u r f a c e  oE t he  
12-in.--dia  convex mi-rror i s  checked. Acceptance c r i t e r i a  a r e  i n  t h e  
l e n s  s p e c i f i c a t i o n  i n  Appendix A .  
The Nos. 1, 2 and 4 m i r r o r s  were t e s t ed  u s i n g  a r a y  t r a c e  technique  
developed by EOS t o  t e s t  t h e s e  s p e c i f i c  m i r r o r s .  A p o i n t  l i g h t  sou rce  
i s  p laced  a t  o r  n e a r  t h e  f o c a l  p o i n t  of  t he  m i r r o r  t o  produce a r e t u r n  
beam which does  n o t  d i v e r g e  o r  converge t o  an extreme.  A s l o t t e d  mask 
i s  p laced  a c r o s s  t h e  s u r f a c e  of t he  m i r r o r  which then p r o j e c t s  on a 
t a r g e t  b a r  which shows t h e  theo re t ; ca l  p o s i t i o n  of t h e  i n a g c  and t h e  
a p t i c a l  t o l e r a n c e .  Th i s  t e s t  o n l y  t c s t s  t h e  f i n l t e  a r e a  exposed,  and 
a judgment f a c t o r  must b e  used t o  de te rmine  how n a n y  t e s t  p o i n t s  a r c  
made. I n i t i a l l y ,  t e s t s  a r e  made a c r o s s  t'nc mil-ror i n  t h e  form of a 
c r o s s  t o  a l i g n  t h e  u n i t  i n  t he  X-Y p lane  and l o c a t e  the  a x i s .  Once 
t h i s  i s  done,  t he  r e l a t i o n s h i p  between the  m i r r o r  and l i g h t  sou rce  i s  
n o t  changed, o n l y  t h e  s l o t  mask i s  rnoved for a d d i t i o n a l  t e s t  p o i n t s .  
A l l  t e s t  d a t a  taken are '  recorded  and inc luded  i n  the  m i r r o r  d a t a  
package. 
A problem w i t h  t h i s  t e s t  OIL t h e  No. 4 m i r r o r  ' r e s u l t e d  i n  t h e  r e t u r n  
and subsequent  r e j e c t i o n  of 20 m i r r o r s  The problem was due t o  t h e  
i n t e r p r c  t a t i o n  o f  a r e a s  t o  b e  checked and t h e  mechanism f o r  de te rmining  
t h e s e  e r r o r s ^ .  The t e s t  range i s  150 i n . ,  ancl t h e  image o f  tlic t o t a l  
p r o j e c t e d  beam a t  t h i s  p o i n t  i s  no t  a s  d i s t o r t e d  a s  i t  1.7ould be i f  t h e  
range i s  doubled.  The i n c r e a s e  i n  range would then  double  d is t . ances  
on t h e  t a r g e t  b a r ,  e t c .  This  l e n g t h  range was n o t  used because t h e  
- 
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a l lowab le  to l e ra i i ce s  would c a u s e  o v e r l a p  o f  t e s t  zones on t h e  t a r g e t  
b a r .  T h i s  problem, p l u s  the l o w r  i c t e n s i t y  and g r e a t e r  d i f f u s i a n  of 
t h e  beam from t h e  s l o t ,  r e s u l t e d  i n  t h e  c h o i c e  of t h e  150- in .  r ange .  
A f t e r  t h e  e a r l y  r e j e c t i o n s ,  EOS changed t h e  t e s t  procedure t o  i n c l u d e  
look ing  a t  t h e  p r o j e c t e d  image a t  360 i n .  f o r  zonal  check l o c a t i o n s ,  
and checking w i t h  a il-in.-sq g r i d .  The a c t u a l  measurements of a n g u l a r  
e r r o r  a r e  s t i l l  made u s i n g  t h e  150-in.  radge; ,but ,  i n  a d d i t i o n ,  t h e  
2- in . -sq g r i d  i s  p r o j e c t e d  on t h e  t a r g e t  s c r e e n .  T h i s  d e v i c e  i s  made 
from 1 / 4 - i n .  s t r i p s  of s t e e l  spaced on 2 - in .  c e n t e r s  and mounted i n  a 
frame. Photos  were made of t h e  p a t t e r n  produced by t h i s  g r i d  a t  150 
and 360 i n .  u s i n g  t h e  s t a i n l e s s  s t e e l  m a s t e r .  The photo was used  t o  
cornpare t h e  p r o j e c t i o n  of: t h e  m i r r o r  under t e s t  and t h e  g r i d  produced 
by t h e  m a s t e r  a t  bo th  ranges ( F i g .  1 7 ) .  ALthough it i s  n o t  r e q u i r e d  
by t h e  t e s t  p rocedure ,  a l l  No. 4 m i r r o r s  a r e  nov checked by s l o t  pro-  
j e c t i o n  e v e r y  2 i n .  a round the  d i a m e t e r ,  as s h o m  i n  F i g a  18. 
Changes can occiir t o  t he  m i r r o r  f i g u r e  a f t e r  Elox c u t - t i n g ,  s i n c e  t h i s  
r e l i e v e s  t h e  s t r e s s e s  of t h e  o u t s i d e  edge and c e n t e r  s e c t i o n .  I f  
changes occur t o  t h e  e x t e n t  of c a u s i n g  r e j e c t i o n s ,  t h e  d a t a  ' i s  f ed  
i n t o  s t r e s s  c o n t r o l  f o r  c o r r e c t i o n .  U s u a l l y ,  t h e  s i t u a t i o n  h a s  been 
c o r r e c t e d  p r i o r  t o  t h i s  o p e r a t i o n ;  b u t  i n  some c a s e s ,  i t  does r e q u i r e  
c o r r e c  t i o n .  
The re  have been soxe i n s t a n c e s  of l a t e n t  d e f e c t s  i n  o p t i c a l  geometry,  
a p p a r e n t l y  caused by c o n t i n u a l  f l e x i n g  over  epoxy bonding vo ids .  
Bond vo ids  a r e  d i f f i c u l t  t o  Locate and e q u a l l y  d i f f i c u l t  t o  r e p a i r .  
. - _  . - - -_. - _. 
A l l  r e j e c t e d  r e p l i c a s  were removed from the c a s t i n g s ,  and t h e  c a s t i n g s  
- I - 
j were c l eaned  and r eused .  
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O p t i c a l  c o a t i n g s  t o  improve the  s p e c t r a l  r e k l e c t a n c e  of  t h e  n i c k e l  
m i r r o r s  were, i n  t h e  o r i g i n a l  prograin, the same' as s p e c i f i e d  i n  a 
p rev ious  c o n t r a c  ti w i t h  t h e  Radio Corpora t ion  o f  A m e r i c a .  
c o n s i s t e d  o f  a n  aluminum r e f  lec t i n s  l a y e r ,  ove rcoa ted  w i t h  s i l i c o n  
monoxide, a p p l i e d  s lowly  s o  as t o  form a h i g h l y  o x i d i z e d  d e p o s i t ,  
P r i o P  t o  t h e  aluminum d e p o s i t ,  i t  was necessa ry  t o  app ly  a t h i n  l a y e r  
o f  chromium f o r  enhanced adhes ion ,  fol lowed by a r a p i d  l a y e r  o f  s i l i -  
con monoxide t o  p rov ide  a d i f f u s i o n  b a r r i e r  between the  aluminum f i l m  
and the  s u b s t r a t e .  
.- 
The c o a t i n g s  
The o v e r c o a t  o f  s i l i c o n  monoxide was c o n t r o l l e d  t o  a n  e f f e c t i v e  o p t i c a l  
t h i c k n e s s  o€ one-ha l f  wavelength oE v i s i b l e  l i g h t .  T h i s  t h i c k n e s s  was 
e s t a b l i s h e d  as the  mininium f o r  a c c e p t a b l e  mechanical p r o t e c t i o n  o f  t h e  
aluminum l a y e r  b u t  t h e  tliic1:est psac  t i c a l  f rom ari o p t i c a l  s t a n d p o i n t ;  
i. e .  , s o l a r  r e f  l e c  Lance axid therrilal emittance. 
-~ - -- 
A cliarac ter is  t i c  of  s i l i c o n  oxide Iilins o€ t h i  s t y p e , ,  as r c p o r  ted by 
Haas, e t  a 1  (Applied O p t i c s ,  Volumc IV, 1965))  i s  the  removal o f  
i n i t i a l l y  h i g h  W a b s o r p t i o n  by exposure  t o  i n t e n s e  u l t r a v i o l e t  r a d i a -  
t i o n  i n  a n  oxygen-bearing environment .  During the  p r i o r  program i t  
was a n t i c i p a t e d  t h a t  t h i s  would be accomplished by normal usage i n  the  
s i m u l a t i o n  cIiam.ber, s i n c e  thc? ca rbon  arc i s  a r i c h  sou rce  o f  u l t r a -  
v i o l e t  r a d i a t i o n .  
I 
_. ._ _- 
- _  - - _  
A s  a s e r v i c e  h i s t o r y  was developed on those u n i t s  produced i n  t h e  p r i o r  
c o n t r a c t ,  trro s i g n i f i c a n t  problems w i t h  the  c o a t i n g s  ~ ~ K O S C .  The 
primary. d i f f i c u l t y  was developmcnt o f  a c o r r o s i o n  o €  the  c o a t i n g ,  
l e a d i n g  t o  s p o t s  o r  d e n d r i t i c  t r a i l s  of  10u r e f l e c t i o n .  Af te r  much 
i n v e s t i g a t i o n  and a t t e m p t s  t o  t r a c e  che e x a c t  h i s t o r y  o f  s p e c i f i c  
s u r f a c e s ,  i t  was g e n e r a l l y  es. t a b l i s h e d  t h a t  t h i s  c o r r o s i o n  was 
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o v e r c o a t  ( e s p e c i a l l y  where f laws such as  s c r a t c h e s  e x i s t )  by some 
s o r t  of e l e c t r o l y t e  (such as  w a t e r )  which beg ins  a g a l v a n i c  type of 
c o r r o s i o n  of the aluminum l a y e r .  T h i s  p rocess  p r o g r e s s e s  from t h e  
p o i n t  of o r i g i n  between the  l a y e r s  u n t i l  a pa th  between p o l e s  i s  long 
enough o r  the  by-pr0dv.c ts  o f  the c o r r o s i o n  i n h i b i t  f u r t h e r  growth. 
I n v e s t i g a t i o n s  of t h i s  I problem and the r e l a t i o n s h i p  of u l t r a v i o l e t  
I _.  ._. 
i r r a d i a t i o n  t o  i t  r e v e a l e d  a second s i g n i f i c a n t  problem. It was found 
t h a t  the a n t i c i p a t e d  s e r v i c e  exposure  was n o t  accompl ish ing  the  
in t ended  conve r s ion  o f  the o v e r c o a t  t o  a lower u l t r a v i o l e t  abso rp tance  
l a y e r  of s i l i c o n  ox ide .  
. -- 
Contac t s  were made w i t h  numerous i n d u s t r i a l  f i r m s  and f e d e r a l  agenc ie s  
i n  the  i n v e s t i g a t i o n  of  these  probleins. Some g e n e r a l  i n f o r m a t i o n  w a s  
e s t a b l i s h e d  on u l t r a v i o l e t  i r r a d i a t i o n .  The c o r r o s i o n  problem, i t  
was l e a r n e d ,  had been encountered  i n  many i n s t a n c e s ,  b u t  no s p e c i f i c  
s t u d i e s  were concluded .  
- --- 
Subsequent ly ,  t e s t s  were conducted which l e d  to  e s t a b l i s h m e n t  of  
equipment and a p r o c e d u r e - f o r  exposure of a l l  m i r r o r s  t o  i n t e n s e  
(more than  2500 microraatts p e r  squa re  c e n t i m e t e r )  o f  shortwave u l t r a -  
- 
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c o r r o s i o n  problem was the b a s i s  
d be o b t a i n e d  
excep t  t h a t  s i l i c o n  d i o x i d e  ( q u a r t z )  should  be employed i n  l i e u  of 
t h e  former s i l i c o n  monoxide f i l m s .  
The f i n a l  a s sembl i e s  of t h i s  program were c o a t e d  w i t h  t h i s  s t a c k ,  
employing s i l i c o n  d i o x i d e ,  Based upon the l i m i t e d  s e r v i c e  r e s u l t s  
t o  d a t e ,  t h e r e  h a s  been a d e f i n i t e ,  s u b s t a n t i a l  r e d u c t i o n  i n  t h e  
c o r r o s i o n  problem. 
More r e c e n t l y ,  howeves, a new problem has emerged, p r i n c i p a l l y  on 
m i r r o r s  from a r e fu rb i shmen t  c o n t r a c t  (ZlAS9-6G59) b u t  a l s o ,  t o  some 
e x t e n t ,  on u n i t s  o f  t h i s  program, TIiis d i f f i c u l t y  c e n t e r s  around a 
f a i l u r e  of adhes ion  o f  the  vacuum-deposited films t o  the  n i c k e l  sub- 
s t r a t e .  T h i s  f a i l u r e ,  which i s  n o t  a p p a r e n t  a t  the  time of  manufacture 
when a MIL-M-13508 adherence  t e s t  i s  performed, deve lops  a t  a l a t e r  d a t e .  
TJhile t h e  problem i s  n o t  r e s o l v e d  a t  t h i s  t i m e ,  enough d a t a  have  been 
o b t a i n e d  t o  i n d i c a t e  r a t h e r  s t r o n g l y  that '  t h e  problem i s  one of  i n t e g r a l  
c l e a n l i n e s s  of  t h e  s u b s t r a t e  p r i o r  t o  d e p o s i t i o n  and/or  a n  e f f u s i o n  of  
i nc luded  contaminants  from w i t h i n  the n i c k e l  m a t r i x  i t s e l f .  
- __ - - - - ___ . -. . - - - - ___ - __ __ - - 
-_ _ _  
Some t e n t a t i v e  p r o c e s s  m o d i f i c a t i o n s  have been i n s t i t u t e d  which have 
r e s u l t e d  i n  m i r r o r s  w i t h o u t  f a i l u r e  a f t e r  t h r e e  months of d a i l y  cape - I -  
t y p i c a l  vacuum c o a t i n g  s e t u p  used i n  the  c o a t i n g  o p e r a t i o n .  
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L t .  10 FINAL INSPECTION -l__l_ AND SHIPPING 
Upon complet ion of  t h e  m i r r o r  assembly p rocess ing ,  the manufac tur ing  
o p e r a t i o n s  b o o k l e t  was reviewed by t h e  p r o j e c t  eng inee r ,  q u a l i t y  COLI- 
t r o l  i n s p e c t o r ,  and t h e  DCAS r e p r e s e n t a t i v e .  A l l  paperwork was re- 
viewed, and ,each o p e r a t i o n  m s  checked f o r  conformance a.nd compl e t l o n .  
When a l l  papeimork ~7as i n  o r d e r  and stamped o f f ,  i t  ~7as  t hen  duplicatlecl 
- -_ _ - -  - 
and prepared  f o r  packaging w i t h  each r e p r e s e n t a t i v e  m i r r o r  assembly. 
- - ~- 
Shipments o f  hardware from t h e  p rocess ing  a r e a  t o  t h e  assembly a r e a  
p e r i o d i c a l l y  caused damage t o  iriirror s u r f a c e s  and o u t s i d e  d i ame te r s .  
I n  o r d e r  t o  p reven t  damage, a procedure i n s p e c t i o n  l i s t  f o r  packaging 
and sh ipp ing  was i n i t i a t e d .  ' T h i s  became t h e  f i n a l  sh ipp ing  and accep t -  
a n c e c r i t e r i o n  f o r  a l l  o p t i c a l  t r a i n  m i r r o r  assembl ies  t r a n s p o r t e d  t o  
t h e  assembly a r e a .  
_- - 
Each m i r r o r  assembly was packaged i n  t h e  a p p y o p r i a t e  m i r r o r  wooden 
c o n t a i n e r .  Cap p lugs  were i i i s t a l  l e d  i n  t h e  c o o l i n g  passage  i n l e t  and 
o u t l e t  p o r t s ,  and b o l t s  a r e  p laced  through the bottom of t h e  wooden 
coii t l i iner t o  s e c u r e  t h e  m i r r o r  i n  p l a c e .  . 
~ .~ ~- -~~ 
The c l e a n l i n e s s  o f  m i r r o r  and c o n t a i n e r  were i n spec ted  p r i o r  t o  c l o s i n g  
and s e c u r i n g  t h e  c o n t a i n e r  l i d .  When t h e s e  r equ i r emen t s  w e r e  s a t i s f i e d ,  
an accep tance  t a g  vas secu red  t o  t h e  s i d e  o f  t h e  c o n t a i n e r  and a l l  
paperwork was completed and stamped o f f .  
_ ~ _ _ _ _ _ _ - _ _ _  - - 
The mas te r  manufac tur ing  o r d e r  b o o k l e t  WRS a t t a c h e d  t o  t h e  c o n t a i n e r  
and t h e  packaged assembly was t r a n s p o r t e d  t o  t h e  o p t i c a l  t r a i n  assembly 
and a l i p m e n t  a r e a .  
Department f i l e  f o r  r e f e r e n c e  and h i s t o r i c a l  r e c o r d .  
D u p l i c a t e  d a t a  was t h e n  p laced  i n  t h e  P roduc t ion  
- 
SECTION 5 
ASSEMBLY ANI3 TEST 
Assembly, o p t i c a l  al.ignment, and acceptance t e s t i n g  a t  EOS and BISC a r e  
di.scussed i n  t h i s  s e c t i o n .  S e v e r a l  documents were used t o  c o n t r o l  and 
r e c o r d  the  o p e r a t i o n .  The NASA approved P roduc t ion  and Acceptance Tes t  
P l a n  (P&ATP) , t h e  MSC Acceptance T e s t  Procedure (2rlSC ATP), and t h e  
I n s p e c t i o n  P l a n  a l l  were used a s  c o n t r o l l i n g  documents. I n s p e c t i o n  
s h e e t s ,  manufactur ing o r d e r s ,  and k i t  l i s t s  which a r e  inc luded  i n  t h e s e  
documents were used t o  nionitor a l l  process  s t e p s  e (See Appendices A and B ) .  
5.1 PLANT LAYOUT 
P l a n t  requirevients  w r c  detcrr:in?d on thz  b a c j  s of a 37 -wek  p rogren  
which d i c t a t e d  p roduc t ion  r a t e s  and f l o o r  space based G I ~  very r a p i d  
assembly and al ignment  of t i i rec  m a j o r  subassercblies.  I t  was dctermirrt?d 
t h a t  €our a l ignment  ranges must be a v a i l a b l e ,  two f o r  t h e  c o l l e c t o r  
assembly and two Cor the  c o l l i m a t o r  assembly. The scheme a l s o  r e q u i r e d  
h y d r a u l i c  t e s t  c a p a b i l i t i e s  f o r  bo th  u n i t s  f o r  f l o w  and p r e s s u r e  t e s t -  
i ng .  Arcas were e s t a b l i s h e d  f o r  t h e  v a r i o u s  o t h e r  f u n c t i o n s ,  such a s  
hel ium l e a k  d e t e c t i o n ,  i n s p e c t i o n ,  bonded stores, c o l l e c t o r  assembly, 
e t c .  Flow c h a r t s  were made, and t h e  i a c i l i t y  was c o n s t s u c t e d  a t  t he  
125 Vinedo S t r e e c  b u i l d i n g  (Fig. 20) .  S e r v i c e  was providcd  f o r  a i r -  
o p e r a t e d  t o o l s  i n  order t o  speed assembly o p e r a t i o n s .  
A l l  p lann ing  was based on the assembly l i n e  concept  with t h s  asseniblies 
b e i n g  d o l l y  niounted o r  p a l l e t i z e d  t o  f a c i l i t a t e  r a p i d  movemnt throiigh 
t h e  a s s e ~ b l y  s t e p s .  S m a l l  subassemblies  wzre planned f o r  bench assembly 
t o  f e e d  t h e  mobile  l i n e .  An a r e a  was a l s o  a s s igned  t o  t h e  ca rbon  a r c  
b u r n e r  and o p t i c a l  bench f o r  any t e s t  work r e q u i r e d  dui-ing t h e  program. 
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(Th i s  f a c i l i t y  was used f o r  u l t r a v i o l e t  r a d i a t i o n  of m i r r o r  c o a t i n g s  
d u r i n g  the program p r i o r  t o  t h e  a c q u i s i t i o n  of an u l t r a v i o l e t  l i g h t  
bank.) 
5.2 AS SEPBLY PROCEDURES - 
Procedures  f o r  accep tance  t e s t i n g  on Con t rac t  NAS9-5482 were examined, 
and a r e f inemen t  or' t h e  t echn iques  w a s  developed on t h i s  c o n t r a c t .  
T h i s  r e s u l t e d  i n  a scheme t o  moniior  t h e  al ignment  c o n d i t i o n  r a t h e r  
t han  a c t u a l l y  t e s t ,  q u a n t i t a t i v e l y ,  t h e  i n d i v i d u a l  c o l l e c t o r  and c o l -  
l i m a t o r  a s sembl i e s .  The r e s u l t i n g  t e s t  involved t h e  comparison of two 
alignn?ent p h o t o s ,  one t aken  a t  t h e  coriipletion of assembly and a second 
t a k m  a t  PISC. The comparison of these photos t h e n  completed t h e  accep t -  
ance of e i t h e r  c o l l e c t o r  o r  c o l l i m a t o r .  
The b a s i c  requirement  was then mei f o r  t h e  preali.gs.ed a s se r rb l i e s  which 
could be r a p i d l y  assembled a t  MSC. The d e t a i l c d  procedures  f o r  t h e  
- 
-__ 
a c t u a l  piece-by-piece assembly ~derc w r t t t e n  p r i o r  t o  any asscmbly of 
the  a c t u a l  hardware.  The GFE o p t i c a l  t r a i n  was used a s  a model;  b u t  
due t o  t h e  many changes nade t o  t h e  EOS u n i t s ,  i t  was d i f f i c u l t  t o  
v i s u a l i z e  t h e  assembly when working from t h e  b l u e p r i n t s  o n l y .  T h i s  
r e s u l t e d  i n  s e v e r a l  changes t o  t h e  P&ATP (Appendix A )  d u r i n g  a c t u a l  
assembly, which r e q u i r e d  c o n t r a c t u a l  approva l .  It a l s o  became e v i d e n t ,  
a t  a l a t e r  d a t e ,  t h a t  t h e s e  assembly procedures  would be i n v a l u a b l e  t o  
EOS dun, t o  the scrambled s e q u m c e  of  assembly r e q u i r e d  by  the d e l i v e r y  
schedule  v e r s u s  t h e  r e c e i p t  of hardware schedu le .  Af te r  t he  program 
was coizpleted,  the c o l l e c t o r ,  c o l l i m a t o r  assembly and al ignment  pro- 
c e d u r e ,  and t h e  t h r o a t  assembly procedure were a r e a l l y  u s e f u l  p a r t  of 
t h e  program. 
- 
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5.3  ASSEMBLY TOOLING 
__I-- 
EOS developed l a s e r  ope ra t ed  r a y  t r a c e  equipment f o r  m i r r o r  mas ter  
con tour  checking d u r i n g  t h e  RCA m i r r o r  manu 
NAS9-1047. T h i s  l e d  RCA t o  t h e  use of  l a s e r  beans a s  a v i s i b l e  c e n t c r -  
i n g  mechanism f o r  t h e  o p t i c a l  e lements  i n  t h e  c o l l i m a t o r  a s sembl i e s .  
EOS then  f u r t h e r  extended t h i s  a p p l i c a t i o n  t o  inc lude  a u t o c o l l i m a t i o n  
of  o p t i c a l  f l a t s  and l e n s  e lements  f o r  a c c u r a t e  component a l ignment  
i n  bo th  the  c o l l e c t o r  and c o l l i m a t o r  I 
c t u r e  program (RCA Con t rac t  _ _  
Yerkin-Elmer Hodel 5200 hel ium iicon continuous-wave l a s e r s  were used .  
These u n i t s  produce a r ed  bean  (6328 &) with  a power o u t p u t  of  over  
0 .5  m i l l i w a t t ,  and a c o l l i m a t i n g  l e n s  systeir, x.7as used  t o  produce a 
reduced beam diameter  25 f t  from t h e  l a s e r .  The a u t o c o l l i m a t i o n  
accuracy  or' t h i s  system was w i t h i n  1 minute of  ! a r c ,  and i t  a l s o  
provided  r e f e r e n c e  p o i n t s  which w r e  e a s i l y  1-eestah?.ished, i i r e l o -  
c a t e d ,  and e a s y  t o  check .  
0 
-- - 
- - . - 
- 
L a s e r  suppor t  s t a n d s  were b u i l t  w i t i i  t h e  c a p a b t l i k y  01 X ,  Y, atid ro -  
t a t i o n a l  movenient t o  a l i g n  the  l a s e r  w i t h  t h e  assembly and a l ignment  
s t a n d  e 
There were two b a s i c  t y p e s  of s t a n d s ,  one f o r  t he  c o l l i m a t o r  and one 
f o r  t h e  c o l l e c t o r .  The c o l l i m a t o r  s t a n d  i s  a heavy ~ e l d m e n t  b o l t e d  
t o  the  f l o o r .  The top  s e c t i o n  of t h e  s t and  s i m u l a t e s  a t h r o a t  w i t h  
f i e l d  lens and l e n s  r e t a i p e r .  Another type Mas b u i l t  f o r  t he  MSC 
accep tance  t e s t .  It has  a sii i lulated t h r o a t  v7eI.ded t o  a p l a t e  f o r  
b o l t i n g  t o  t h e  e x i s t i n g  opt ica l .  bench. The c o l l e c t o r  s t a n d  was a l s o  a 
heavy-weldment b o l t e d  t o  the  f l o o r ,  The mounting s u r f a c e  s iwf i la ted  
t h e  f r o n t  s u r f a c e  of t h e  bu rne r .  The quick-change a l ignment  t o o l i n g  
l o c a t e r  i s  l o c a t e d  on the  back side of t h e  mounting s u r f a c e ,  i n  t h e  
c e n t e r .  T h i s  system w3s o r i g i n a l l y  manufactured f o r  m i l l i n g  machines,  
. -. -. -- - 
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d r i l l  p r e s s e s ,  l a t h e s ,  o r  o t h e r  macliiries where p r e c i s i o n  r a p i d  t o o l  
changes a r e  needed, The system was very  e f f e c t i v e  €or l o c a t i n g  and 
qu ick ly  changing t h e  a l ignment  t o o l i n g  f o r  t h e  c o l l e c t o r .  A s i m i l a r  
s t a n d  was c o n s t r u c t e d  t o  b o l t  t o  t h e  o p t i c a l  bench a t  EISC. 
Each assembly and a l ignment  s t a t i o n  i s  equipped w i t h  a G r a f l e x  camera 
w i t h  a 4- x 5 - f t  P o l a r o i d  back, t a r g e t  screen,  and p r o j e c t i o n  s c r e e n .  
Small hand t o o l s ,  t o rque  wrenches,  and a s t o p  watch were a l s o  s t a n d a r d  
i n  each s t a t i o n .  
Small a l igzment  and assembly t o o l i n g  was designed and b u i l t  t o  make 
alignrncnt e a s i e r .  A common-point source rod u i t h  a B & L 2.5V l i g h t  
was used Cor b o t h  c o l l i m a t o r  and c o l l e c t o r  a l ignment .  S i m i l a r  l i g h c  
sources  were des igned  and b u i l t  w i t h  t r i p o d  mount to  a l i g n  t h e  No, 4 
m i r r o r .  
An o p t i c a l  i i a t  was b u i l t  which was used t o  a u t o c o l l i m a t e  and ali.gri the  
c o l l e c t o r  s t a n d ,  A l s o  produced das  a vane a l ignmect  f i x t u r e  t o  p o s i t i o n  
and a l i g n  t h e  c o o l i n g  vanes i n  t h e  c o l l e c t o r  box. A f i x t u r e  t o  a l i g n  
t h e  c o l l e c t o r  box ha rd  o i n t s  was designed and b u i l t .  T h i s  f i x t u r e  
p o s i t i o n e d  t h e  ha rd  p o i n t s  i n  r e l a t i o n  t o  each o t h e r ,  s e t  t h e  Z dimen- 
s i o n ,  p o s i t i o n e d  t h e  h a r d  p o i n t  i n  r e l a t i o n  t o  t h e  o p t i c a l  a x i s ,  and 
a l e v e l  t o  s e t  the  X ,  Y plaiie around the o p t i c a l  a x i s .  
A r e t i c l e  align-iilent f i x t u r e  was b u i l t  and was p laced  nn t h e  f r o n t  of 
t h e  c o l l e c t o r  box t o  a l i g n  t h e  box on i t s  o p t i c a l  a x i s .  R e t i c l e  p l a t e s  
were a l s o  b u i l t  which f i t  i n  t h e  i n s i d e  d iameter  of t he  Nos. 1 and 2 
n i r r o r s .  Heid  i n  p l a c e  by s p r i n g  p i n s ,  tfiese p l a t e s  were used t o  p u t  
t h e  n i i r ror  on i t s  o p t i c a l  a x i s ,  To measure t h e  N o .  4 m i r r o r  Z a x i s  
p o s i t i o n ,  a l o c a t o r  was b u i l t  which r e s t e d  on t h e  m i r r o r  and used a 
b u i l t - i n  micrometer.  
All alignment t o o l i n g  was Lhnroughly in spec ted  and c a l i b r a t e d .  
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5 .ri ASSEXI3LY OPERATIONS 
Assembly of c o l l e c t o r  components began e a r l y  i n  t h e  t h i r d  month of t h e  
program, a s  d i d  work on t h e  t h r o a t  wi-ring. The phi losophy of t h i s  
o p e r a t i o n  G J ~ S  a t  t h i s  t i m e  c l e a r .  A s e r i e s  of assembly o p e r a t i o n s  was 
s t a r t e d ,  based on t h e  hardware a v a i l a b l e ,  and product ion  c o n t r o l  was 
i n i t i a t e d  through s t o r e s  i n v e n t o r y .  Assembly t o o l i n g  was scheduled  
i n t o  the  o p e r a t i o n  as was the  h y d r a u l i c  tes t  equipment, and o t h e r  
equipKent r e q u i r e d  t o  complete the program. The inven to ry - -de l ive ry -  
schedule- type  assembly programming worked successful .2y,  b u t  i t  r e q u i r e d  
a h i g h e r  q u a l i t y  assembler  than would have been used i n  l a r g e  volume 
p roduc t ion .  Th i s  was due p r i m a r i l y  t o  the s h o r t  l e a r n i n g  cu rve  r e q u i r e d  
coupled w - i t h  t h e  a b i l i t y  t o  s h i f t  from one job t o  ano the r .  
Work con t inued  on the p i e c e - p a r t  b a s i s  f o r  t h e  d u r a t i o n  of  t h e  program. 
(‘i’he f i r s t  s h i p n c n t ,  e a r l y  d e l i v e r y  of 15 Cield l e n s e s ,  was made i n  
J u l y ,  1966 .) F o r t u n a t e l y ,  t h e  PhAI’L’ assembly s e c t i o n  allowed b r e a k o u t s  
of s m a l l  a s sembl i e s  so t h a t  pvoducti.cn could  b e  monicorec! by inspcaction, 
and r e c o r d s  of asserribly were meaningfu l .  
The t h r o a t s  were t h e  f i r s t  major u n i t s  assembled, and t h e  work involved  
was n o t  complex. A w i r i n g  ha rness  was i n s t a l l e d ,  a long  w i t h  t h e  t h r e e  
alignment s o c k e t s .  The f i e l d  l e n s  r e t a i n e r  was sh ipped  as a kit, a s  
was the  i r i s  suppor t  asserfibly. Work on t h e s e  u n i t s  , i n c l u d i n g  packing 
and s h i p p i n g ,  was of a r o u t i n e  n a t u r e  wi th  no major probl.ems. 
The c o l l e c t o r s  were t h e  
v e r e  much more complex 
k i t s  c o n s i s t i n g  of  ove r  
were used.  
second major assembly t o  be  completed.  They 
i n v o l v i n s  more p a r t s  than any o t h e r  u n i t ,  S i x  
370 p a r t s  and f o u r  major o p t i c a l  e l -encnts  
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Two problems o c c u r r e d  du r ing  assembly and t e s t i n g .  The f i r s t  involved  
a l i g n i n g  t h e  c o l l e c t o r  l e n s ;  t h e  second was due t o  f a i l u r e  of f l e x i b l e  
water  hoses  under  h y d r o s t a t i c  t e s t .  Both of t h e s e  problems were re- 
s o l v e d ,  t h e  f i r s t  by changing t h e  alignment procedure ,  a n i  t h e  second 
by  r e p l a c i n g  the  f a u l t y  m a t e r i a l .  
When complete se ts  of r d r r o r s  became a v a i l a b l e ,  c o l l i m a t o r  f i n a l  
assembly and t e s t i n g  began. P r i o r  assembly inc luded  t h e  c o l l i m a t o r  
c e n t r a l  o p t i c s  and o t h e r  sma l l  p a r t s .  The assembly o f  t h e s e  u n i t s  
p r e s e n t e d  some minor problems which were c o r r e c t e d  a s  t h e y  occur red .  
Changes i n  t h e  PBAV were made c o n t r a c t u a l l y .  Many o t h e r  changes were 
made, al.though n o s t  of them were n o t  major.  A f t e r  assembly of t h e  f i r s t  
few c o l l i m a t o r s  a technique  1.72s developed t o  a l i g n  t h e  u n i t s  which came 
from p r a c t i c e  o n l y .  
The f i r s t  comple te ly  assembl ed u n i t s  were helium l e a k  checked and 
passed  s p e c i f i c a t i o n s .  Ko:icver, f a i l u r e s  began t o  occur  O i l  the  5-minute 
150-psi h y d s o s t a t i c  t e s t .  P i n  holcxs appeared i n  the  O.OlO-in.-.wall 
t u b i n g  on the suppor t  arm s u b a s s e v b l i e s  which caused cFranges i n  t h e  
o r d e r  of t e s t s .  It was decided  t o  p r e s s u r e  t e s t  f i r s t  i n s t e a d  of helium 
check,  and t h i s  s o l v e d  t h e  m a j o r i t y  of problems. A 1 1  of t h e s e  t u b i n g  
a s s e n b l i e s  had t o  be precheclied by helium l e a k  d e t e c t i o n ,  so l a t e r  u n i t s  
were a l l  pre-hydro-checked p r i o r  t o  assembly. The pre-hydro-check was 
done p r i m a r i l y  t o  p reven t  removal of suppor t  arm subassembl ies  a f t e r  
a 1  ignmen t . 
F i n a l  acceptance  t e s t s  were performed a t  FISC on each l o t  of c o l l e c t o r s  
and c o l l i m a t o r s .  A l l  shipments were made by a i r - r i d e  van. A f t e r  
r e c e i p t  a t  MSC, each u n i t  had a f i n a l  acceprance t e s t  performed. Th i s  
t e s t  c o n s i s t e d  of rechecking  t h e  alignment: of t h e  u n i t  and a g e n e r a l  
i n s p e c t i o n  f o r  damage b y  EOS and PfSC i n s p e c t o r s .  Dur ing  t h e  f i r s t  
acceptance  t e s t i n g ,  PiSC u e s t i o n e d  the o p t i c a l  f i g u r e  of the c o l l i m a t o r s  
and performed burn  t e s t i n g .  O p t i c a l  t e s t  equipment was then  f lovn  i n  
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and EOS performed o p t i c a l  tests on one u n i t  a t  KX, which r e s u l t e d  i n  
i t s  r e j e c t i o n .  T h i r t e e n  uni. ts  were re tu rned  t o  EOS I disassembled ,  
r e t e s t e d ,  and r e j e c t e d .  F i n a l l y ,  t h e  r e n a i n i n g  scven  of  t h e  f i r s t  20 
u n i t s  were a l s o  r e t u r n e d ,  r e t e s t e d ,  and r e j e c t e d .  Changes were then  
inco rpora t ed  i n  t h e  t e s t  procedure  t o  e l i m i n a t e  t h e  problem, F o r t y  
c o l l e c t o r s  and c o l l i m a t o r s  were assembled p r i o r  t o  t h e  c o a t i n g  change 
which r e s u l t e d  from t h e  c o a t i n g  s tudy  (NAS9-6708). 
Four packing  c r a t e  d e s i g n s  were r equ i r ed :  one €o r  c o l l e c t o r s ,  one €o r  
c o l l i m a t o r s ,  and two f o r  t h r o a t s .  The t h r o a t s  r e q u i r e d  two c r a t e s  
because  t h e  i r i s  s u p p o r t  subassembly was shipped two t o  a box i n  a 
s e p a r a t e  c r a t e .  A l l  of  t h e  c r a t e s  were s a t i s f a c t o r y ,  and 20 c o l l i m a t o r  
c r a t e s  were r eused  for a second round t r i p  t o  P4SC. N o  s h i p p i n g  damage 
was i n c u r r e d .  Household a i r - r i d e  vans ,  w i th  load ing  and un load ing  a 
one-time o p e r a t i o n ,  reduce  sh ipp ing  damage t o  a minimum. 
There a s e  two b a s i c  t e s t  s t a t i o n s ,  hydro  t e s t i n g  and he1i.uin leal;  check.  
Hydro t e s t i n g  t7as performed on bo th  t h e  co l l ima to r -  and c o l l e c t o r  boxes. 
A hel ium l e a k  check was performed o n l y  OR c o l l i m a t o r s .  
- 
Hydro t e s t i n g  h a s  two f u n c t i o n s ,  t o  measure flow and m a i n t a i n  p r e s s u r e .  
These t e s t s  were performed on an EOS-constructed hydro t e s t i n g  s r a t i o n .  
The t e s t i n g  s t a t i o n  has a , i c -gpm high-f low system f o r  c o l l e c t o r s  and a 
2-gpn low-flow system Tor c io l l imators .  The two systems have a common 
p r e s s u r e  pump and a i r  blow dorm. Each flow system h a s  a F i s h e r  and 
P o r t o r  52% i n l i n e  f low me te r .  C a l i b r a t i o n  o f  both flow me te r s  was 
accomplished by t iming  and weighing t h e  wa te r  from t h e  €low s y s t e n s .  
Two p r e s s u r e  gages f o r  each f low system measured p r e s s u r e  drop  and 
s t a t i c  p r e s s u r e .  A i r  was used t o  remove water  a f t e r  t h e  t e s t .  (See 
t es t  procedures  f o r  c o l l e c t o r  i n  P B A p ,  page f:-5, 2.3,123, Appendix A ;  
f o r  c o l l i m a t o r ,  s e e  P&ATE’, page 6 2 ,  2.4.33, Appendix A , )  
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Col l ima to r s  were hel ium l e a k  checked wi th  a C.E .C. hel ium mass spectrom- 
e t e r  Model No. 24-120A having  a s e n s i t i v i t y  of 1 x 10 S%D c c / s r c .  h e .  
(See P&ATP, page 61, 2.4.32,  Appendix A ,  f o r  t e s t  procedures . )  
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5.6 HAhrDLIhTG EQUIPPIENT 
S p e c i a l  equipment vias des igned  t o  t r a n s p o r t  .. and l i f t  t h e  c o l l e c t o r  and 
c o l l i m a t o r  a s sembl i e s .  The throatr was l i f t e d  by a c a b l e  s l i n g  o r  f o r k -  
l i f t ,  and i.t was s u p p l i e d  t o  EOS w i t h  four  s t e e l  l e g s  f o r  ease i n  handl ing .  
Two types  of mobile  dev ices  were used t o  hand le  t h e  c o l l e c t o r s ,  which 
were t h e  most complex asserr.blies.  One d e v i c e ,  a s imple c a r t  w i t h  
pneumatic t i r e s ,  c a r r i e d  t h e  c o l l e c t o r  du r ing  t h e  f l n a l  asseixbly and 
h y d r a u l i c  t es t s .  P r i o r  t o  t h i s ,  i t  was assembled i n  a n iodi f ied ,  t h r e e -  
wheel engine  s t a n d ,  which pe rmi t t ed  tu rnove r  of t h e  whole box d u r i n g  
assembly. T h i s  u ~ i t  pe rmi t t ed  one man t o  e a s i l y ,  and w i t h  l i t t l e  f e a r  
of c l m a ~ c ,  i n s t a l l  t h e  heavy No. 1 m i r i - ~ r ~  The co l l , r c to r  was a l s o  
provided w i t h  a s p e c i a l  z c i s s o r s - t y p e  l i f t i n g  tool  which was i n s e r t e d  
i n s i d e  t h e  c o l l e c t o r  box frame.  On l i f t i n g  t h e  tool wedges i t s e l f  
i n t o  p o s i t i o n  so  t h a t  t h e r e  i s  no danger of f a l l i n g .  T h i s  t o o l  i s  
used wi th  a h y d r a u l i c  f l o o r  c r a n e ,  b u t  it: c an  be used w i t h  any v e r t i c a l  
l i f t i n g  d e v i c e .  
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Program which s a t i s f i e d  t h e  requi rements  of NASA Q u a l i t y  P u b l i c a t i o n  
NPC 200-2 and NPC 200-3 i n s p e c t i o n  systems.  
6 .1  QUALITY ASSUPLOICE VEhXlOR SURVELLLAXCE 
S u p p l i e r s  (vendor) s u r v e i l l a n c e  i s  a prime f u n c t i o n  of t h e  EOS Product  
Assurance Department ,  and was a n  impor t an t  phase  o f  t h e  O p t i c a l  T E ~  
P r o  g r  am. 
Suppl- iers  s u r v e i l l a n c e  serves a thi-ee-fold purpose:  
a. Survey d e s i r e d  vendors  t o  a s c e r t a i n  t h e f r  ablLlity t o  produce 
p roduc t s  t o  a d e s i r e d  level  of q u a l i t y  and m a i n t a i n  t h a t  d e s i r e d  
leve l  of  q u a l i t y .  
N o t i f y  vendors  when t h e i r  q u a l i t y  level  drops  t o  a q u e s t i o n a b l e  
o r  non-accep tab le  l e v e l .  These d a t a  a r e  main ta ined  a t  EOS R e -  
c e i v i n g  I n s p e c t i o n  as vendor  h i s t o r y .  
c ,  Perform physical :  i n s p e c t i o n  o r  tes t  s u r v e i l l a n c e ,  as r e q u i r e d ,  
a t  t h e  v e n d o r ' s  f a c i l i t i e s .  This  a c t i v i t y  i s  a l s o  documented 
and e n t e r e d  i n  t h e  r e s p e c t i v e  vendor  h i s t o r y  r eco rds .  
b. 
6 .2  EOS SOURCE INSPECTIOM ' 
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a. 
b. 
C .  
d .  
e. 
Is p rope r  equipnient a v a i l a b l e  a t  EOS t o  adequa te ly  per form t h e  
i n s p e c t i o n  and /o r  tes t  t o  complet ion? 
W i l l  i t  e x p e d i t e  t h e  project  t o  per fofm an i n - p r o c e s s  t es t  o r  
i n s p e c t i o n  p r i o r  t o  shipment from t h e  vendor ' s  f a c i l i t y ?  
A r e  t h e r e  i t e m s  t o  be sh ipped  from one s u p p l i e r  t o  a second 
s u p p l i e r  f o r  p r o c e s s i n g  o r  tests? 
Is t h e r e  a n  economical o r  p r a c t i c a l  need t o  implement s o u r c e  
i n s p e c t i o n ?  
Does t h e  m a t e r c a l ,  o r  do t h e  p r o d u i f s ,  r e q u i r e  Government sou rce  
s u r v e i l l a n c e  a t  a n  EOS vendor? \ 
- - __ . . - 
._ . - - - 
When t h e  need f u r  EOS s o u r c e  i n s p e c t i o n  i s  determined and i n d i c a t e d  ap-  
p r o p r i a t e l y  on  t h e  procurement documents, the vendor  must c a l l  the EOS 
Vendor S u r v e i l l a n c e  Department f o r  s o u r c e  i n s p e c t i o n  acco rd ing  t o  t h e  
requi rements  s t i p u l a t e d  i n  t h e  pu rchase  o r d e r  i n  the v e n d o r ' s  posses s ion .  
An EOS Source  I n s p e c t o r  i s  a s s igned  t h e  "call" and responds  t o  t h e  vendor  
f o r  the t a s k s  a s  d e f i n e d  i n  t h e  ver.dor 's  copy oT C h e  purchase  o r d e r .  
Upon comple t ion  of h i s  v i s i t  , t h e  soxrce i n s p e c t o r  doczments p e r t i n e n t  
d a t a  i n  accordance  w i t h  EOS Prodiict  Assurance Manual, Vo?uine 1, S e c t i o n  
Q-3-A.  
A l l  r e p o r t s  and/or  test: d a t a  c o l l e c t e d  by t h e  sou rce  i n s p e c t o r  are  then  
hand-ca r r i ed  o r  mai led  t o  t h e  EOS Vendor S u r v e i l l a n c e  Department o f f i c e  
f o r  p rocess ing .  
6 . 3  RECEIVING INSPECTION 
Receiv ing  i n s p e c t i o n ,  which w a s  r e q u i r e d  on t h e  O p t i c a l  T r a i n  Program, 
is f o r  t h e  purpose  of de t e rmin ing  t h e  q u a l i t y  of t h e  p a r t s  o r  m a t e r i a l  
b e f o r e  movement i n t o  the s t o c k  room o r  s tores .area.  Two g e n e r a l  condi -  
t i o n s  con t ro l  t h e  r e c e i v i n g  i n s p e c t i o n  o p e r a t i o n s :  
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a .  M a t e r i a l  o r  p a r t s  t o  b e  in spec ted  f o r  i d e n t i f i c a t i o n  and damage 
o n l y  . 
b. M a t e r i a l  o r  p a r t s  which r e q u i r e  i n s p e c t i o n  t o  t h e  requi rements  
of s p e c i f i c a t i o n s  and/or  drawings a s  shown i n  the .  purchase  o r d e r .  
(Note: These requi rements  a r e  determined and e s t a b l i s h e d  i n  
the purchase  o r d e r  b e f o r e  t h e  purchase  o r d e r  i s  r e l e a s e d  t o  
t h e  vendor .  ) 
The product  a s s u r a n c e  copy o i  t h e  purchase o r d e r  i s  forwarded t o  and 
f i l e d  by t h e  Rece iv ing  I n s p e c t i o n  Department c l e r k .  
purchase  o r d e r  i s  reviewed by t h e  Receiving I n s p e c t o r  t o  a s c e r t a i n  the 
This  copy of the 
p rope r  sequi rements  f o r  i n s p e c t i o n ,  e .g . ,  c o r r e c t  p a r t  and drawing num- 
b e r ,  c o r r e c t  r e v i s i o n  l e t t e r ,  c e r t i E i c a t i o n  r e q u i r e n e n t s ,  e tc .  The pur-  
chase  o r d e r  copy a l o n g  v i t h  t h e  copy of  t h e  r e c e i v i n g  i n v o i c e  o r  t r a v e l e r  
w i l l  i n d i c a t e  whether  t h c  p a r t s  have been source  in spec ted .  I f  p a r t s  
b e a r  a sou rce  i n s p e c t i o n  t a g ,  they  a r e  in spec ted  f o r  damage and counted 
and processed  f o r  s t o c k .  
When p a r f s  a r e  r ece ived  f o r  inspec t io i :  f o r  i d c n t i t y  a id  darnage ( Inspec -  
t i o n  Code 2 ) ,  they  a r e  chechzd v i s u a l l y  €or  daxage and €or  conformity t o  
i d e n t j  f i c a t i o n  requi rements  on ly .  Dimensional i n s p e c t i o n  i s  accomplished 
on t h i s  l e v e l  o n l y  i n  c a s e  o f  damage. When p a r t s  a r e  r ece ived  which 
r e q u i r e  inspec t i .on  t o  s p e c i f i c a t i o n .  and drawing ( I n s p e c t i o n  Code 3 ) ,  t h e  
Rece iv ing  I n s p e c t o r  reviews t h e  purchase  o r d e r  f o r  any i n s t r u c t i o n s  i n -  
c luded t h e r e i n .  The vendor  h i s t o r y  r eco rd  i s  t aken  from t h e  f i l e  and 
reviewed f o r  sampling i n s t r u c t i o n s  and acceptance  q u a l i t y  l e v e l  (AQL) , 
i f  a p p l i c a b l e ,  t o  det.ermine i f  t h e  i n s p e c t i o n  i s  t o  be performed t o  
s i n g l e  o r  double ,  normal,  t i g h t e n e d ,  o r  reduced sample. The i n s p e c t i o n  
i s  t h e n  performed. A f t e r  t h e  i n s p e c t i o n  i s  completed,  t h e  r e s u l t s  a r e  
compiled and recorded  on t h e  h i s t o r y  r e c o d  ca rd .  
c ies  a r e  made on t h e  d i s c r e p a n t  m a t e r i a l  r e p o r t  (DKR) w i t h  the d i s c r e p a n t  
m a t e r i a l  b e i n g  p laced  i n  a s e c u r e  bonded a r e a  (bond room o r  bond cage) 
Records o f  d i sc repan-  
u n t i l  m a t e r i a l  review a c t i o n  i s  made and m a t e r i a l  review d i s p o s i t i o n  i s  
compl.eted. Acceptable  m a t e r i a l  i s  s p l i t  o f f  o f  i n v o i c e  and forwarJed t o  
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t h e  s t o c k  room. Elovement of t h e  m a t e r i a l  from t h e  bond area i s  made 
under r i -g id  s u p e r v i s i o n  t o  make c e r t a i n  t h a t  unapproved m a t e r i a l  is n o t  
used i n  systems assembly. 
6.4 IN-PROCESS INSPECTION 
A t  EOS, i n - p r o c e s s  i n s p e c t i o n  i s  i n  two c a t e g o r i e s :  
a. In -p rocess  i n s p e c t i o n  by a n  EOS Source I n s p e c t o r  a t  a v e n d o r ' s  
f a c i l i t y ,  which i s  handled  as a normal sou rce  i n s p e c t i o n  
assignment.  
sembly and tes ts  a r e  accomplished 
b. In -p rocess  i n s p e c t i o n  a t  EOS f a c i l i t y  i n  t h e  a r e a s  where as- 
,The r equ i r emen t s  f o r  i n - p r o c e s s  i n s p e c t i o n  a r e  e s t a b l i s h e d  by p r o j e c t  
r equ i r emen t s  a s  d e f i n e d  i n  a s t a t e m e n t  of  work and shown on a f low 
c h a r t  which i n d i c a t e s  a t  what t ine  and p o i n t  o f  assembly a n  i n s p e c t i o n  
i s  r e q u i r e d .  
In -p rocess  i n s p e c t i o n  on t h e  O p t i c a l  T r a i n  Program was c o n s t a n t  through- 
o u t  t h e  L i E e  of t h e  program, S t a r t i n g  w i t h  t h e  f i r s t  mechanical assem- 
b l i e s ,  i n s p e c t i o n  was accomp i s h e d  and v e r i f i e d  by a check l i s t  showing 
each  i n s p e c t i o n  sequence and buy-off f o r  each major subassembly by s e r i a l  
number. Each o p e r a t i o n  was c o n t r o l l e d  by a manufac tur ing  o p e r a t i o n s  
s h e e t ,  w i t h  spaces  f o r  i n s p e c t i o n  stamps t o  b e  a f f i x e d  a t  t h e  comple t ion  
of  each  assembly o p e r a t i o n  o r  t e s t .  
- 
4 
6.5 DISCREPAKT MATERIAL REPORTING AbD CONTROL 
____1_1-- 
During the term of t h e  s o l a r  simulcitor program a t  EOS, t h e  wi thdrawal ,  
r e p o r t i n g ,  and d i s p o s i t i o n i n g  c o n t r o l  of d i s c r e p a n t  p a r t s  and m a t e r i a l  
was accomplished by u s i n g  t h r e e  forms: r e c e i v i n g  d i sc repancy  r e p o r t ,  
i n s p e c t i o n  squawk report : ,  and m a t e r i a l  review r e p o r t .  
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M a t e r i a l  w i thhe ld  a t  t h e  Rece iv ing  I n s p e c t i o n  a r e a  was withdrawn by 
documenting f i n d i n g s  on t h e  r e c e i v i n g  d i sc repancy  r e p o r t  (RDR) ; p a r t s  
and/or  m a t e r i a l  w i thhe ld  d u r i n g  in -p rocess  i n s p e c t i o n  were withdrawn 
by documenting on t h e  i n s p e c t i o n  squawk r e p o r t  ( ISR);  m a t e r i a l  rev iew,  
from t h e  two previous  documents, was accomplished by the  t r a n s f e r  of  
i n fo rma t ion  and d a t a  t o  a t h i r d  form, t h e  m a t e r i a l  rev iew r e p o r t  (TIRR) 
M a t e r i a l  withdrawn on t h e  RDR and/or I S R  was p laced  i n  bond f o r  p re -  
l imina ry  rev iew of t hose  d a t a .  When formal m a t e r i a l  rev iew was r e q u i r e d ,  
d a t a  were t r a n s f e r r e d  t o  t h e  m a t e r i a l  review r e p o r t  f o r  a c t i o n . .  The 
m a t e r i a l  and MRR were then  subni i t ted t o  the  q u a l i t y  agency (DCASR) which 
r e p r e s e n t e d  NASA-MSC a t  t h e  EOS f a c i l i t y .  A t  t h e  comple t ion  of t he  
m a t e r i a l  rev iew,  t h e  p a r t s  and/or m a t e r i a l  were moved or d i sposed  of i n  
compliance w i t h  t h e  MRR form. 
F i n a l  i n s p e c t i o n  a t  EOS was comprised of t he  v e r i f i c a t i o n  o f  documenta- 
t i o n  t o  a s s u r e  t h a t  a l l  o p e r a t i o n s  and t e s t s  were completed p e r  t h e  
acceptance  t e s t  p l a n  and t h e  manufact t i r ing o p e r a t i o n s  s h e e t s .  A f i n a l  
v i s u a l  i n s p e c t i o n  was accomplished a t  which t i m e  a f i n a l  i n s p e c t i o n  t a g ,  
showing t h e  u n i t  s e r i a l  number and b e a r i n g  t h e  f i n a l  i n s p e c t o r ’ s  i d e n t i -  
f y i n g  s tamp,  was a t t a c h e d  t o  t h e  u n i t .  
A f t e r  t he  u n i t  was p l aced  i n  t h e  sh ipp ing  c o n t a i n e r  and secu red  f o r  
shipment ano the r  f i n a l  v i s u a l  i n s p e c l i o n  was accomplished t o  v e r i f y  
t h a t  no damage was i n c u r r e d  du r ing  t h i s  o p e r a t i o n ,  and a second f i n a l  
i n s p e c t i o n  s t a a p  was a f f i x e d  t o  t h e  i n s p e c t i o n  t ag .  
To a s s u r e  t h a t  damage would n o t  occur  t o  t h e  u n i t s ,  f i n a l  documentat ion 
was packed and sh ipped  s e p a r a t e l y  i n  an i d e n t i f i e d  c o n t a i n e r .  
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The procurement and q u a l i t y  a c t i v i t i e s  have been s t r eng thened  by t h e  
f u l l - t i m e  assignment  of a q u a l i t y  a n a l y s t  t o  t h e  procurement group t o  
review purchase  r e q u e s t s  and purchase  o r d e r s .  T h i s  w i l l  a s s u r e  t h a t  
c o r r e c t  q u a l i t y  requi rements  a r e  a s s igned  ' to  t h e  purchase  o r d e r s  as  
r e l e a s e d  t o  t h e  vendors .  Th i s  rev iew i s  i n  a d d i t i o n  t o  t h e  rev iew re- 
q u i r e d  by t h e  q u a l i t y  eng inee r  a s s igned  eo t h e  program. T h i s  l e v e l  o€  
. -  
f a b r i c a t i o n  of c a s t i n g s ,  c a s t i n g  molds,  and form t o o l i n g  a r e  a r e a s  
which r e c e i v e  c l o s e  s u r v e i l l a n c e  b y  Q u a l i t y  Control  a t  EOS and a t  t h e  
vendor.  
I n  t h e  c a t e g o r y  of document c o n t r o l ,  the  EOS P roduc t  Assurance Depart-  
ment h a s  r ep laced  t h r e e  o b s o l e t e  f o r m  which a r e  no ted  i n  t h i s  r e p o r t ,  
t h e  r e c e i v i n g  d i s c r e p a n c y  r e p o r t  (I1DR) , t h e  i n s p e c t i o n  squawk r e p o r t  
(ISR) , and t h e  m a t e r i a l  review r e p o r t  (MRR'). These forms have been 
r e p l a c e d  by EOS Form N o .  813, d i s c r e p a n t  m a t e r i a l  r e p o r t  (DMF.). T h i s  
i s  a g e n e r a l  purpose i n s p e c t i o n  r e p o r t i n g  document and i s  c u r r e n t l y  
b e i n g  used a t  a l l  phases  of q u a l i t y  c o n t r o l  i n s p e c t i o n .  T h i s  form h a s  
t h e  accommodation f o r ,  and i s  used i n ,  m a t e x i a l  review a c t i v i t y ,  i n -  
c l u d i n g  p r e l i m i n a r y  and formal  m a t e r i a l  r ev iew,  The back page o€  t h i s  
form i s  a h a r d  copy rework o r d e r  w i t h  spaces  f o r  complete rework i n -  
s t r u c t i o n s  which may be r e q u i r e d  and a s s igned  t o  t h e  d i s c r e p a n t  m a t e r i a l  
l i s t e d  on t h e  f a c e  of t h e  for in .  T h e  use of t h i s  DER forin i s  p rov ing  
ve ry  h e l p f u l  i n  the  cont ro l .  of l o s t  o r  misplaced documents c 7 ~  wel l  a s  
r educ ing  the  document workload of inspccti .cn a 
Some of  t h e s e  Q u a l i t y  Assurance Department procedure changes have 
m a t e r i a l i z e d  because of t he  O p t i c a l  T r a i n  contrract .  A s  a r e s u l t ,  t h e  
q u a l i t y  a s su rance  o f  f u t u r e  c o n t r a c t s  will be more e f f i c i e n t .  
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SECTION 7 
PRO C URDK,NT 
The f o l l o w i n g  niaiieriel p o l i c i e s  , p r i n c i p l e s ,  and p r a c t i c e s  a re  used as  
a g u i d e  f o r  procurement p e r s o n n e l ,  pe r sonne l  o f  -Zhhcr d i v i s i o n s  i n i t i -  
a t i n g  procurement r equ i r emen t s ,  and t h e  company's s u p p l i e r s .  
7 . 1  RESPONSIBILITY 
R e s p o n s i b i l i t y  f o r  the  procurement o f  a l l  purchased mater ia ls ,  s u p p l i e s ,  
and services r e q u i r e d  f o r  t h e  conduct o f  the b u s i n e s s  o f  t h e  Company i s  
v e s t e d  i n  the Materiel Manager. _ _  - - 
Procurement f u n c t i o n s  a r e  delegrjtec! by t h e  &itei-iel i\fanoger 'io tllie Fro- 
curement llanager and s t a f f  o f  buyer:: a s  i n  the cascz o f  the o p t i c a l  t r a i n  - .. 
c o n t r a c t  a 
The major  a c t i v i t i e s  o f  t h e  Procurement Department i n  the  f u l f i l l m e n t  
of  i t s  r e s p o n s i b i l i t i e s  a re  as f o l l o w s :  
a. S u p p l i e r  development and s e l e c t i o n  
b.  Purchase i n q u i r y  (proposal. suppor t )  
c. Bids and avrards 
d. Value a n a l y s i s  
e ,  
f .  Pu rchase  o r d e r  n e g o l i a t i o n s ,  i s s u a n c e  arid a d m i n i s t r a t i o n  
Government/cus tonier pu rchase  o r d e r  a p p r o v a l s  
g . 
h. Suppl. ier r e l a t i o n s  
~o llow-up jexped i t i n g  
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7.2 SUPPLIER EVALUATION AND SELECTIOW 
from t h e  Q u a l i t y  Assurance,  Engineer ing ,  Manufactur ing,  and Finance  
Departments.  A r e p o r t  o f  each survey  i s  prepared and d i s t r i b u t e d  t o  
a l l  i n t e r e s t e d  departments .  
F i n a l  d e c i s i o n  on s e l e c t i o n  of  s u p p l i e r s  i s  made by t h e  Procurement 
Department a f t e r  c o o r d i n a t i o n  w i t h  concerned func t ions  of  EOS. Recom- 
mendations of  competent and q u a l i f i e d  pe r sonne l  a r e  du ly  cons idered .  
For  example, Q u a l i t y  Assurance must be  s a t i s f i e d  t h a t  t h e  s u p p l i e r ' s  
q u a l i t y  c o n t r o l  methods and procedures  a r e  s u f  r i c i e n t  and proper  t o  
neet requi rements ,  Engineer ing  must assess t h e  t e c h n i c a l  c a p a b i l i t i e s  
of t h e  s u p p l i e r  i n  a s imi l a r  manner, and Manufacturi.ng and Finance  
i n p u t s  a r e  eval-uated.  
Procurement 's  on ly  a u t h o r i t y  t o  purchase  i s  a p rope r ly  executed purchase  
r e q u e s t .  I t  i s  t h e  r e s p o n s i b i l i t y  o f  the buyer  t o  n e g o t i a t e  and i s s u e  
a purchase  o r d e r  t o  a s u p p l i e r  c o n s i s t e n t  w i t h  t h e  q u a l i t y ,  service, and 
d e l i v e r y  r e q u i r e d ,  and t o  j u s t i f y  and s u b s t a n t i a t e  t h e  purchase.  
P r i o r  t o  purchase  o r d e r  placement ,  the buyer  s h a l l  o b t a i n  w r i t t e n  ap-  
p r o v a l ,  i f  r e q u i r e d ,  from the customer.  He must a l s o  determine  t h a t  
a l l  a p p l i c a b l e  government r e g u l a t i o n s  and prime c o n t r a c t  requi rements  
have been net  and t h a t  a l l  necessa ry  procedures  have been fol lowed f o r  
t h e  type  o f  o r d e r s  be ing  i s s u e d .  
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7.3 SUPPLIER PEUOPX4!XCE - 
R e l i a b i l i t y  of  t h e  end product  i s  g r e a t l y  determined by t h e  s u p p l i e r ' s  
performance and t h e  q u a l i t y  which he manufactures  i n t o  t h e  p a r t s ,  75%- 
ponents ,  o r  a s sembl i e s .  It i s ,  t h e r e f o r e ,  an EOS p o l i c y  t o  emphasize 
s e l e c t i o n  of s u p p l i e r s  w i t h  proven perfolrmance r eco rds .  I n  t h e  deve l -  
_ _ _ _ _  - 
opment of  new s o u r c e s  of supply  f o r  t h e  - o p t i c a l  t r a i n  components, 
c a r e f u l  a t t e n t i o n  was given  t o  program requirements  and vendors  were 
s e l e c t e d  based on performance r e p u t a t i o n .  
.- 
- 
During s u w e y s  by EOS teams, t h e  a b i l i t y  of  a s u p p l i e r  t o  c o n t r o l  and 
r e p o r t  performance was determined.  This  a n a l y s i s  i nc luded  t h e  a b i l i t y  
t o  u s e  t h e  PERT o r  Hodi f ied  PERT systems and t o  p rov ide  c o s t  informa- 
t i o n  adequate  t o  t h e  type  of  procurement which might  r e s u l t .  Wnere 
compe t i t i ve ly  b id  f i x e d - p r i c e  f a b r i c a t i o n  o r d e r s  were contempla ted ,  
s u p p l i e r s  were t o  p rov ide  cop ie s  o f  t h e i r  i n t e r n a l  o p e r a t i o n  s h e e t s  
and schedules  cove r ing  t h e  proposed procurement. These were then used 
t o  determine  p rogres s  and perfoimsnce a g a i n s t  p r o j e c t i o n s .  
Performance of  s u p p l i e r s  on procurement o f -  s t andz rd  i t e m s  o r  o f f - t h e -  
s h e l f  p a r t s  was monitored by an ass igned  exped i to r .  
S u p p l i e r s  ( s u b c o n t r a c t o r s )  f o r  complex procurements were r e q u i r e d  t o  
submit ,  a t  a minimum, t h e  fo l lowing  r e p o r t s  : 
a .  I n i t i a l  PERT o r  Piodified FEET network system. 
b ,  P e r i o d i c  ( u s u a l l y  monthly) PERT system r e p o r t s .  
c. P e r i o d i c  r e p o r t s  i n  b a r - c h a r t  form showing a c t u a l  p rog res s  i n  
r e l a t i o n  t o  schedu l ing  of the. o c . t i v i t i e s  i n  t h e  cycle from 
go-ahead t o  d e l i v e r y .  
P e r i o d i c  n a r r a t i v e  r e p o r t s  exp la in ing  and p r o j e c t e d  o r  a c t u a l  
d e v i a t i o n s  from schedu le ,  reasons  f o r  such  c o n d i t i o n s ,  and t h e  
p r o j e c t e d  recovery  p l an .  
d. 
7056-Final 7 - 3  
e. I f  r e q u i r e d  (cost-reimbursement  o r d e r s ) ,  a p e r i o d i c  r e p o r t  
o f  a c t u a l  and e s t i m a t e d  expend i tu re s  and p r o j e c t e d  c o s t  t o  
complet ion.  
f .  P e r i o d i c  r e p o r t s  c o n t a i n i n g  in fo rma t ion  as r e q u i r e d  t o  sup- 
p o r t  q u a l i t y  a s s u r a n c e ,  r e l i a b i l i t y ,  and c o n f i g u r a t i o n  con- 
t r o l  pr ime c o n t r a c t  r equ i r emen t s ,  
A n  EOS r e s i d e n t  buyer  was a s s igned  t o  moni tor  performance on some 
procurements .  On o t h e r s ,  t h e  buyer  coord ina ted  inter-company m a t t e r s  
and f r e q u e n t l y  v i s i t e d  t h e  s u p p l i e r ' s  p l a n t  t o  de te rmine  p r o g r e s s  and 
performance s t a t u s  and t o  p rov ide  a s s i s t a n c e  i n  problem a r e a s .  Engi- 
n e e r i n g ,  Nanufac tu r ing ,  and Q u a l i t y  Assurance pe r sonne l  accompanied 
t h e  buyer .  
Day-by-day mon i to r ing  o f  t h i s  major  program a t  t h e  s u p p l i e r ' s  p l a n t  
i n d i c a t e s  t h e  level .  of performance. C lose  mon i to r ing  pe rmi t s  imnedia te  
r emed ia l  a c t i o n  where i n d i c a t e d .  The p e r i o d i c  r e p o r t s ,  b u y e r ' s  f r e q u e n t  
v i s i t a t i o n s ,  arid e x p e d i t i n g  a c t i o n s  provide  performance c r i t e r i a .  
7 .4  COST ANALYSIS I__- ATID CO!\T'I'ROL 
The Procurement Department h a s  t h e  prime r e s p o n s i b i l i t y  f o r  c o s t  and 
p r i c e  a n a l y s i s  and e v a l u a t i o n  o f  supplier:' q u o t a t i o n s  and c o s t  s t r u c -  
t u r e s ,  as well a s  e v a l u a t i o n  of c o s t  feedback du r ing  purchase  o r d e r  
performance. EOS Account ing o r  Es t ima t ing  Department pe r sonne l  may b e  
c a l l e d  on  f o r  a s s i s t a n c e  where p roduc t  compe t i t i on  and p r i c e  cannot  b e  
r e a d i l y  e s t a b l i s h e d  o r  when a fo l lowing  a u d i t  i s  r eques t ed .  
1: 
The a s s igned  buyer  i s  r e s p o n s i b l e  f o r  t h e  fo l lowing  f u n c t i o n s  d u r i n g  
n e g o t i a t i o n s ,  Lssuance ,  aind a d m i n i s t r a t i o n  of  all s i g n i f i c a n t  procure-  
ment t r a n s a c t i o n s ,  
a .  Review of  c o s t  d a t a  secu red  from s u p p l i e r s  d u r i n g  n e g o t i a t i o n s .  
b .  Determina t ion  t h a t  r e a s o n a b l e  pr ices  a r e  ob ta ined  c o n s i s t e n t  
w i t h  sound busir iess  p r i n c i p l e s .  
7 - 4  
C .  
d .  
e .  
f .  
g* 
Eva lua t ion  of  p o t e n t i a l  o r  s e l e c t e d  s u p p l i e r ' s  a b i l i t y  t o  
perform and ma in ta in  p r i c i n g  s t r u c t u r e s  i f  awarded a sub- 
c o n t r a c t  * 
P r e p a r a t i o n  of  purchase  o r d e r s  o r  s u b c o n t r a c t s  which LLear ly  
d e f i n e  p r i c i n g  c r i t e r i a ,  payment schedules  , and o t h e r  terms 
and c o n d i t i o n s  which might be of  a s s i s t a n c e  i n  adequate  c o s t  
performance moni tor ing .  
Summation of  c o s t  breakdown and suppor t ing  documentat ion,  f o r  
r e t e n t i o n  i n  t h e  Procurement c a s e  f i l e ,  which f u l l y  j u s t i f i e s  
s u p p l i e r  s e l e c t i o n  and o r d e r  award. 
V i s i t a t i o n s  t o  s u p p l i e r s '  f a c i l i t i e s  du r ing  performance t o  
s e c u r e  o n - s i t e  knowledge of  c o s t  and performance h i s t o r y .  
The rev iew o f  all c o s t  i n fo rma t ion ,  v a l u e  a n a l y s i s ,  p e r f o r -  
mance h i s t o r y ,  and a p p l i c a t i o n  of t h i s  in fo rma t ion  i n  con t inu -  
i n g  e f r o r t s  t o  e f f e c t  c o s t  r e d u c t i o n  which might be  a p p l i e d  
t o  c u r r e n t  o r  f u t u r e  procurement t r a n s a c t i o n s .  
7.5 T I F E  SCHEDUZE 
Support  of  t h e  O p t i c a l  T r a i n  Program cont inued as  r e q u i r e d  t o  t h e  con- 
t r a c t .  f u l  f i l l m e n t .  While buying a c t i v i t y  peaked wi th  t h e  release o f  
t h e  m a j o r i t y  oE purchase  r e q u e s t s  and s l acked  a s  purchase o r d e r s  were 
[p l aced ,  t he  perforinance e v a l u a t i o n  of s u p p l i e r s  con t inues  throughout  
t h e  l i f e  of  t h e  program. 
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SECTION 8 
CONCLUSIONS AiiD RECEQIXNDATIONS 
The No. 4 m i r r o r  m a s t e r  had a minor d e f e c t  which caused h i g h  r e j e c t i o n  
ra tes  d u r i n g  t h e  manufac ture  of  t h e  f i r s t  40 u n i t s .  The s u r f a c e  con- 
t o u r  of  t h e  mas te r  was improved d u r i n g  t h e  interim pe r iod  between d e -  
l i v e r y  of  t h e  f i r s t  40 u n i t s  and the l a s t  20 u n i t s .  N e w  submasters  
were then  e l ec t ro fo rmed  u n t i l  a s a t i s f a c t o r y  working t o o l  was produced. 
Nine teen  submasters  vfere made t o  produce 83 No. 4 m i r r o r s ,  which i s  n o t  
a h igh  t o o l i n g  l i f e  i n  comparison t o  the  l i f e  of t h e  Nos. 1, 2 ,  and 3 
t o o l s .  
I n  r e t r o s p e c t ,  should  i t  b e  r e q u i r e d  t o  r e p l a c e  t h e  No. 4 m a s t e r ,  a 
c o s t  e v a l u a t i o n  w i l l  be made t o  clletenninc t h e  p r a c t i c a l i t y  of  u s i n g  
t h e  master d i r e c t l y  as a working t o o l .  A t  t h i s  t ime ,  i t  appea r s  t o  b e  
t h e  most d e s i r a b l e  procedure.  
The problem o f  orange  p e e l  s u r f a c e  c o n d i t i o n s  and t h e  p o t e n t i a l  problem 
of mater ia l .  p o r o s i t y  and impur i ty  i n c l u s i o n s  i n d i c a t e  t h e  a d v i s a b i l i t y  
o f  u s i n g  double  vacuum-melt s t a i n l e s s  s teel  f o r  a l l  - f u t u r e  _ -  - manufac ture  - - 
of m e t a l  m a s t e r s  r a t h e r  t han  t h e  more r e a d i l y  a v a i l a b l e  a i r -mel t  s t a i n l e s s .  
The c u r r e n t  o p t i c a l  t r a i n  a s sembl i e s  a r e  i n t e r c h a n g e a b l e  w i t h  t h e  u n i t s  
o f  RCA manufac ture ,  brit thz. m i r r o r s  a r e  o n l y  usable i n  t h e i r  r e s p e c t i v e  
a s sembl i e s .  S i n c e  t h e  m i r r o r s  o f t e n  r e q u i r e  maintenance,  i t  i s  Fecom- 
mcndcd t h a t  t h e  a p p r o p r i a t e  s t e p s  be  taken t o  d e s i g n  a d a p t e r  k i t s  t o  
f a c i l i t a t e  m i r r o r  i n t e r c h a n g e a b i l i t y .  
Aliiiost t h r e e  y e a r s  from t h e  s t a r t i n g  d a t e  o f  t h i s  c o n t r a c t ,  i t  i s  e v i d e n t  
t h a t  many c o s t s  c?ssociatcd w i t h  t h i s  program could b e  reduced by r e d e s i g n ;  
8-1 
b u t  t h e  r e d e s i g n  c o s t s  must be  amor t ized  ove r  t h e  f u t u r e  l i f e  o f  t h e  
system. The EOS-designed No.  4 m i r r o r  c a s t i n g . i n c l u d e d  cast  i n t e g r a l  
w a t e r  c o o l i n g  c o i l s  t o  s o l v e  t h e  p o t e n t i a l  problem o f  water l eakage  (as 
1c;las exper ienced  i n  the grooved c a s t i n g )  minimize c o r r o s i o n ,  and m a i n t a i n  
a vacuum-t ight  system. 
w a t e r  channel  which w a s  d i f f i c u l t  t o  s e a l  and would e a s i l y  r u p t u r e .  The 
MSC used a n  emergency s o l u t i o n  t o  t h i s  problem by n o t  u s i n g  t h e  No. 4 
w a t e r  cool i i lg  channe l s  and mere ly  bonded a - c o p p e r  c o o l i n g  c o i l  t o  t h e  
back  of  t h e  c a s t i n g .  T h i s  c o o l i n g  system func t ioned  adequa te ly .  Th i s  
makes t h e  expense o f  t h e  cast  i n t e g r a l  t u b e  u n i t  q u e s t i o n a b l e .  
_ -  
T h e  e a r l y  c a s t i n g  d e s i g n  used an  epoxy-bonded 
It niay a l s o  b e  p o s s i b l e  t o  u s e  a heavy, n i c k e l  unbacked m i r r o r  w i t h  coo l -  
i n g  c o i l s  d i r e c t l y  bonded t o  t h e  n i c k e l  r e p l i c a .  Th i s  method o f  m i r r o r  
manufac ture  would r e s u l t  i n  s i g n i f i c a n t  m a t e r i a l  and l a b o r  c o s t  reduc-  
t i o n s .  It a l s o  p r e s e n t s  a major  s t e p  toward vacuum c o a t i n g s  h a v i n g  
s u p e r i o r  q u a l i t i e s  t o  t h o s e  i n  c u r s e n t  manufacture .  ThFs rnctliod o f  
f a b r i c a t i o n  would a l low a h i g h e r  g lox  d i s c h a r g e  te inperz ture  which i s  
now l i m i t e d  by t h e  o r g a n i c  bond of  t h e  n i c k e l  r e p l i c a  t c  the a l i n .  L. LS2llE 
c a s t i n g .  
EOS recommends t h a t  t h e s e  d e s i g n  sugges t ions  be  c a r e f u l l y  reviewed p r i o r  
t o  any new No. 4 m i r r o r  c a s t i n g  psocurement. 
I n  a d d i t i o n  t o  d e s i g n s  t o  f a c i l i t a t e  m i r r o r  i n t e r c h a n g e a b i l i t y ,  a c o s t  
r e d u c t i o n  d e s i g n  review should  b e  under taken  t o  reduce  component p a r t  
c o s t  by r e l i e v i n g  t o l e r a n c e s  where p o s s i b l e .  
i n s p e c t i o n  o f  p a r t s ,  i t  became appa ren t  t h a t  t h e  s u p p l i e r s  made e r r o r s  
i n  manufacture .  Ir, rev iewing  t h e s e  e r r o r s  d u r i n g  M a t e r i a l  Review Board 
a c t i o n s ,  a ve ry  low pe rcen tage  O E  t h e  p a r t s  were unusab le ,  some were 
re.rrorknble, and many could  b e  d i s p o s i t i o n e d  "use as  i s ,  w i l l  n o t  a f f e c t  
form, f i t ,  o r  func t ion . "  
During t h e  r e c e i v i n g  
8 - 2  
The wa te r  used t o  coo l  t h e  c o l l e c t o r  m i r r o r s  flows through t h e  carbon 
a r c  bu rne r  and t h e n  i n t o  t h e  c o l l e c t o r  where i t  s p l i t s  i n t o  p a r a l l e l  
c i r c u i t s  th rough t h e  No. 1 and No. 2 m i r r o r s .  Th i s  makes it p o s s i b l e  
t o  res t r ic t  o r  b lock  t h e  flow i n  e i t h e r  o f  t h e  two c i r c u i t s .  EOS rc- 
commended m o d i f i c a t i o n s  o f  t h e  c i r c u i t  t o  a series flow t o  p reven t  
p o s s i b l e  damage t o  t h e  m i r r o r s .  
C o r r o s i o n - r e s i s t a n t  c o a t i n g s  o f  water c o o l i n g  channels  were r e q u i r e d  
on t h o s e  m i r r o r s  w i t h  exposed aluminum s u r f a c e s ;  however, i n  o r d e r  t o  
e x p e d i t e  t h e  program, a t  NASA r e q u e s t ,  some m i r r o r s  were d e l i v e r e d  
w i t h o u t  c o a t i n g s  on t h e  v a r i o u s  w a t e r  channels  i n  t h e  c a s t i n g s .  The 
c a s t i n g s  s t i l l  i n  s e r v i c e  a t  t h e  p r e s e n t  tin:c i n d i c a t e  t h a t  water- 
channel. c o r r o s i o n  i s  no t  a severe problem, The NSC wa te r  c o o l i n g  
system has been  modi f ied  from an open t o  a c losed  system i n  which t h e  
wa te r  pH i s  c o n t r o l l e d  and c o r r o s i o n  i n h i b i t o r s  are added. 
___-.--- 
- .. 
EOS . recommends __ t h a t  the c a s t l n g s  which 2.j:e h i g h - s i l i c o n - t y p ~  356 a l u -  
niinum, and r a t e d  a s  having  very goocl corrosi.on resis tance,  be ailowed 
t o  remain in t h e  a s - c a s t  coriditLon. 
8-3  
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PRETREATMENT OF 356 ALLOY ALIMIN1.N 
PRIOR TO ADHESIVE 8 0 N D  
NAS9 -5805 
SCOPE: 
This s p e c i f i c a t i o n  descr ibes  the  procedure f o r  pretreatment of 356 Alloy 
Aluminum cas t ings ,  p r i o r  t o  bonding of n i cke l  replicas.  
RESPONSI BILITI ES : 
The Bonding Group, under the  Component Production Sec t ion  is responsible.  
Process Control w i l l  monitor t h e  opera t ion . -  
GENERAL: 
This i s  a c r i t i c a l  process and must be r igorous ly  cont ro l led .  It i s  required 
t h a t  this procedure be s t r i c t l y  followed. Suggestions f o r  changes and i m - -  
provements are s o l i c i t e d ,  but  no changes w i l l  be made without approval of 
Program Management. 
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3.0 De-oxidize Turco Nitradd 
Nitric Acid (42OBe) 
12 - 20% by Vol, 
60 - 80% by Vol. 
Temperature Ambient 
3,l 
3.2 Transfer part to rinse tank, 
Immerse part into de-oxidizer solution for fifteen seconds. 
WATER MUST NEVER BE ALL TO E3TER TANK, IN TRANSFERRING P 
DO EOT ALLOW DE-OXIDIZE LUTION TO CONTAYINATE IRIDITE SOL 
3,3 Spray rinse thoroughly with deionized water. A l l  traces of 
deoxidizer solution must be removed. 
rinsed by immersing in a tank of continuously running deionized 
water for one minute followed by a spray rinse of deionized water,” 
3,4 Visually inspect part for dark smut, If traces are present, repeat 
steps 3,l - 3.4,  
DO NOT RINSE OVER DE-OXIDIZER TANK. 
“Optional - part may be 
4,O Conversion Coating Iridite 14 - 2 1.0 - 1.5 oz,/gal. 
pH (Electrometric) 1,4 - 1.6 
Temperature Ambient 
4.1 Immerse part in conversion coating solution . If part 
has been allowed to dry, repeat de-oxidation, 
with deionized 
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2 .1  
2 . 2  
This  i s  a c r i t i c a l  
changes o r  d c v i a t i o  
governing agency. 
The t o r q u e  s h e a r  adhes ion  test c o n s i s t s  o f  a 314" d iame te r  b u t t o n  
which i s  bonded t o  t h e  back 'o f  t h e  aluminum c a s t i n g .  A t o r q u e  i s  
a p p l i e d  t o  t h e  b u t t o n  u s i n g  a c a l i b r a t e d  t o r q u e  wrench u n t i l  a s h e a r  
f a i l u r e  o c c u r s  i n  t h e  adhes ive  bon maximum s h e a r  
edge o f  bond) can  then  b e  c a l c u l a t  t h e  measured t 
means o f  t h e  fo l lowing  equat ion .  16T 
S max, - z 
Xhere: S max = maximum s h e a r  stress 
T = measured to rque  
d = d iame te r  o f  b u t t o n  
For z 3/4" diame e i n  f t , - l b s , ,  t h e  
above equa t ion  r 
3, RES?OSSIBILITIES: 
x_- 
D i r e c t i v e  N o .  : 1 5 - 2  
Date: I -  10 .Jaf-J*2L;-./ , /  --- 
Page two 
SO;'%: Xite 'ooridiijg area niiis.11 be c l e a n ,  
o t h ~ r  o?eratio11sJ ( g r i n d i n g ,  e tc , )  m u s t  b e  removed from bonding 
f i x t u r e s ,  t o o l s  and t a b l e s  p r i o r  t o  t h e  bonding p rocess .  
A l l  d u s t  and d i r t  produced from 
The fo l lowing  procedure  m u s t  be performed i n  t h e  sequence i n d i c a t e d  
wirhout i n c c r r u p t i o n .  
OP E RiT I0S.J.L P noc ErJLXE 
1.0 Rep l i ca  P r e p a r a t i o n  
1.1 S:rip p r a t e c t i v e  € i l m  froiii r e f l e c t i v e  s u r f a c e .  ( A 1 1  excep t  No, 3 ) .  
1.2  
1 . 3  S b i s t e n  back of  r e p l i c a  wi th  de ion ized  water. S p r i n k l e  c l e a n s e r :  
P l ace  r e p l i c a  face down on suppor t  f i x t u r e  i n  wash tank.  
( I n s t i t u t i o n a l  Foririula White King o r  e q u i v a l e n t )  o v e r  back o f  
r e p l i c a  and s c r u b  s u r f a c e  u s i n g  c l e a n  b r i s t l e  brush. DO NOT USE 
CLE.A.KSERS COSTXIXIXG CKLORINE OR BROMIXE BLEACH. 
i n  wash tank. 
Using "Amway" 
Solvent  Detergent ( o r  e q u i v a l e n t )  , swab s u r f a c e  g e n t l y  t o  rernovc 
i m p u r i t i e s  and o i l  s t a ins .  (All excep t  N o .  3) "DO n o t  a p p l y  
p r e s s u r e . "  Extreme c a r e  should  be  used,  so you d o n ' t  s c r a t c h  t h e  
T Z  F1 e c  t i v e  s u r  f a c e .  
1.,6 Rinse thoroughly  wi th  de ion ized  water .  Blow d r y  wi th  a i r .  (Air 
l i n e  must have adequa te  o i l  and water t r a p  which mus t  be  checked 
A i  least  once per  week). 
t echn iques  o f  paragraph  1.3 to 1.6 above, 
I,& Tilrn r e p l i c a  ove r  c a r e f u l l y ,  p o s i t i o n e d  f a c e  up  oh suppor t  f L - : C i i Z e  
1.5 Wet down s u r f a c e  of  r e p l i c a  w i t h  de ion ized  water .  
1.7 Clean t h e  tes t  b u t t o n  bonding s u r f a c e  u s i n g  t h e  materials and 
2.0 Castin:: P r e p a r a t i o n  ( S o .  3 C a s t i n g  Only) 
2.1 Xmove conve r s ion  c o a t i n g  from f a c e  o f  c a s t i n g .  Use c l e a n s e r  
( I n s t i r u t i o n a l  F o r m l a  W n i t e  King o r  e q u i v a l e n t ) ,  c l e a n  b r i s t l e  
brush  o r  gsade 00 s t e e l  wool. Blow d r y  w i t h  c l e a n  air .  
3.0 Xask z.id ? r e ?  Coxponcnts 
3.1 ?lase r e ? l i c a  on bonding f i x t u r e  and p o s i t i o n  c a s t i n g  i n  p l a c e  ~ i t i i  
ce::ceri.zg p l a t e .  
c i r i  and epoxy). 
in ciie zc?li .ca u s i n g  a lead p e n c i l .  
o u t l i n e  (I. D. and 0. D.) wi th  v i n y l  masking tape.  
;cj;tle) %l:-l(i le: dry. 
(Bonding f i x t u r e  s u r f a c e  t o  be c l e a n  from dus:, . .  
3.2 T l ~ c e  caszin: 02 t h e  back o f  t h e  rep l ica  and draw o u t l i n e  o f  c a s r i r . ~  
3 . 3  Zo;Ti?ii.:eiy ixsk  edges of  c a s t i n g  (I. D, and 0, D.) and . r e p l i c a  
3.4  Tinsc '.>ack of  r e p l i c a  w i t l i  200 a b s o l u t e  c t l iy l  a l c o h o l  (from s q , ; L L . z d  0 
.A.>>ly a c o a t i n g  o i  "Epcas t  K Primcr" ovc L 
3aadizg arcs, p r e f e r a b l y  wi th  brush  o r  sp ray  gun, I 1  K I 1  primer r..<.>C 
6a 
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Page t h r e e  
:i,:vL C I I ~ C ?  til71c o.C \ ]lour a6 room t e n i p c r a t u r e  b e f o r e  a p p l y i n g  epoxy. 
:~:ust: be t:akcn not  t o  damage o r  s c r a t c h  r e f l e c t i v e  s u r f a c e  i n  
; .. . ,:dl i n g  , 
3.5 
P r e p a r a t i o n  o €  Adlicsive and A p p l i c a t i o n  
?rc?sre rhc test b u t t o n  as i n  3.4 above and mask t h e  0. D. 
4.0 
4.1 P r q u r a c i . o n  f o r  ildhcrsivc. 'flund mix. 
4.1.1 Ksigh o u t  epoxy (Ra t io  100 p a r t s  1210 t o  100 p a r t s  9615).  
HAND M I X  
Y l r r o r  So, 1 
Mir ro r  No. 2 
X i r r o r  KO. 3 
Ykirror No. 4 
1210 500 grams 
9615 500 grams 
1210 200 grams 
9615 200 grams 
1210 200 grams 
9615 200 grams 
1210 800 grams 
9615 800 grams 
6- 1 . 2  Xis 1210/9615 thoroughly  (combined). 
4.1.3 Eposy t o  be used w i t h i n  4 hour a f te r  mixing. 
4.2 ? r e p a r a t i o n  f o r  adhcs ive .  Frozen P r e  Mix. 
0 0 4.2.1 Inmerse tubes  i n  h o t  water 120 t o  150 F. Care musc be  
t akcn  no t  t o  g e t  water i n t o  back o f  c a r t r i d g e  as t h i s  wi.1; 
contaminate  t h e  epoxy. 
FROZEN PRE MIX 
Mir ro r  So. 1 3 t u b e s  
Mir ror  Xo. 2 1 t u b e  
Mi r ro r  KO. 3'  1 t u b e  
N i r r o r  So. 4 5 t o  6 t u b e s  
4.2.2 Thai< tubes  f o r  5 - 12 minutes.  
4 . 2 . 3  Epoxy t o  be u s e d  w i t h i n  ."i hour a f te r  thaw. 
.\?p:.y epoxy t o  back of  replica and f r o n t  o f  c a s t i n g  w i t h  a i r  i n j s c t i o r :  
gcn o r  eqcivaiczt,  
C a r c f u l l y  ? o s i = i o n  and c e n t e r  t h e  c a s t i n g  on t o  back of  repl ica  by 
i n s t a l l i n s  c e z i s r i n g  p l a t e ,  
~ r c  s s u r  e tci t:; r3. ass  cab 1 y . I '  
L . 3  
4.4 S2rec.d ~?o:<Y a u t  evenly  wi th  p l a s t i c  s p r e a d e r ,  ( S e r r a t e d  t y p e  p z e f e r r c 2 ; -  
4.5 
4.6 A l ? o w  c:-:cdss e?asy  t o  flow o u t  from between t h e  p a r t s .  Kb not  a;>$:: 
4.7 2% rorqxe siictdir ~ C S K  b u t t o n  (EOS P r i n t  No ,  81-12050) s h a l l  be  bondcc: ,'. 
I 1  
each cast ; : : ;  SizLLtancous w i t h  t h e  bonding o f  each n i c k e l  r e f l e c t o r .  
u s i n g  c:<a~::y t h e  saac m a t e r i a l s  and p r o c e s s i n g  t echn iques .  The 
Direct i.vc No, : 
Date: 
Page f o u r  
removing from bonding f i x t u r e ,  . 
5.0 T e s t  Procedure 
5.1 Remove masking t a p e  from 0. D, o f  tes t  b u t t o n .  
5.2 Using a c a l i b r a t e d  t o r q u e  wrench ( e i t h e r  t o r q u e  l i m i t i n g  o r  t o r q u e  
-4 L ~ c o r d i n g )  Q a p p l y  a t o r q u e  to  t h e  t es t  b u t t o n .  U s e  care t o  p r c v e m  
a p p l i c a t i o n  o f  a bending f o r c e .  The t o r q u e  should b e  g r a d u a l l y  
i n c r e a s e d  u n t i l  a f a i l u r e  o f  t h e  bond occur s .  
Record t h e  measured t o r q u e  r e q u i r e d  t o  c a u s e  f a i l u r e , o r  t h e  l a s t  
t o r q u e  limit p r i o r  t o  f a i l u r e , o n  the M. 0. 
f o r  r e j e c t i o n  o f  t h e  assembly, 
5 . 3  
5.4 .I measured to rque  o f  less  than t e n  (10) f o o t  pounds s h a l l  be  cause  
6c 
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SASA XIUROR ASSEXELY 
STRIPPLXLTG RE‘WORK PROCEDURE 
Equ i pn en t :lli c? >ia t er i a 1 s 
1. Xcety lene  t o r c h  ( u s e  s a f e t y  p r e c a u t i o n s  and equipment) 
2. ?ii t tsbilrgh P a i n t  and Varnish Remover 
3 .  Screwdyiver,  hamiier, p a i n t  b rush  and p u t t y  k n i f e  
Oper?.:ionP1 ?rocedure  Removal of Nicke l  Skin  (a1 and #4 Mirror  Assemblies) 
1. F a s i t i o n  m i r r o r  f a c e  up on we.lding t a b l e .  
2 .  Apply ? -a t  t o  r e f l e c t i v e  s u r f a c e  w i t h  a c e t y l e n e  t o r c h ,  u n t i l  t h e  epoxy bonc! 
I s  broken.  Pee l  t h e  n i c k e l  s k i n  from t h e  c a s t i n g .  Use extreme care n o t  t o  
drrnagc c a s t i n g  f a c e  and con tour .  (Do no t  p ry  t h e  n i c k e l  s k i n  o f f . )  
?2 ar-d #3 : IFrror  Assciltblies 
1. P o s i t i o n  m i r r o r  f a c e  down on a t a b l e .  
2. U s L n g  2 sc rewdr ive r  and hammer p o s i t i o n  t h e  sc rewdr ive r  on t h e  n i c k e i  3.3. over-  
k.mg 04 t h e  a s s e n b l y  and pound u n t i l  t h e  bond j o i n t  is  broken. Do t h i s  z ~ L L . - . ~  
che er-Lire O.D.  P e e l  t h e  n i c k e l  s k i n  from t h e  c a s t i n g .  Use extreme CZYS y - 3 ;  
:o darr,age che c a s t i n g  f a c e  and con tour .  (Do n o t  p r y  t h e  n i c k e l  s k i n  o f f . )  
1. 
2. 
3 .  
4 .  
5. 
6 .  
Lpply varr i ish r exove r  t o  epoxy w i t h  a p a i n t  b rush  and l e t  set f o r  15  m i x : . = s .  
Highly c o r r o s i v e  m a t e r i a l .  May cause  s e v e r e  bu rns .  Avoid c o n t a c t  wiLk sk5z 
and eyes .  
Scrapc sZf s o f t e x d  epox-y w i t h  a p u t t y  k n i f e .  
L; re;r,wet fron t h e  c a s t i n g .  Wipe excess  v a r n i s h  remover from c a s t i n g  w i t h  2 
p s y r  iowel .  
Repeat t h i s  s t e p  u n t i l  a i l  e p : y  
S ~ z a y  rLrise che c a s t i n g  wich wa’ier. 
Scrub :nz c a s t i r . 2  ( e s p x i a i l y  t h e  f a c e )  w i t h  White King I n s t i t u t i o n a l  C l e a n s e -  
o r  e q c l v a l e n t  arid a b r i s E l e  brush.  
~ f ’ i e r  c - i x p e c  tioa Of tiis c a s t i n g  p r e p a r e  the  c a s t i n g  f o r  bonding p e r  
Directi.,,: 12-2 .  
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APPLICATION OF PROTECTIVE 
FILMS PEEL TYPE 
NAS9 - 58 0 5 
SCOPE : 
This specification describes the material and process to be used 
for application of protective films to reflective nickel surfaces. 
APPLICABILITY: 
This procedure applies to all reflective surfaces as specified by 
the Manufacturing Order (MO). 
MATERIAL : 
Protective coating compound designated as "Spraylat" No, SC-1070T 
is to be used as received. 
coating may be used. 
DO NOT THIN. An equivalent protective 
PROCESS : 
4 . 1  
4.2 
4 . 3  
Apply a thin uniform coating using a pressure type spray gun 
or brush. 
Allow to air dry a minimum of  two ( 2 )  hours o r  until tack-free 
before handling. 
Spray gun and equipment must be cleaned before and after use, 
6f 
ocedures have been WT 
with a bas ic  knowle 
laboratory technique would be ab le  t o  perform the  required 
analyses. They have been kept  as simple as possible,  fo r  
maximum ef f ic iency ,  within t h e  l imi t a t ions  imposed by t h e  re- 
. quired accuracy. Most are proven methods which are standard 
throughout t h e  industry.  The required techniques can be e a s i l y  
learned and should be committed t o  memory wi th in  a shor t  per iod 
of t i m e .  
- 
Directive No. : . 
1. Laboratory Proce 
' I  . 2. 
y 3. Analysis of Plating solutions 
3 .1  Sulfamate Nickel 
3 .2  Watts Nickel 
3 .3  FJoods Nickel Strike 
3.4 Pyrophosphate Copper 
3.5 Rhodium 
Analysis of Alkaline Cleaner Solutions 
4.1 Turco 4215 (Preclean) 
4 . 2  MacDermids Metalex W Special 
4. 
. 5 .  Analysis of Deoxidizer and Etch Solutions ' 
5.1 
5.2 Turco Aluminetch 8 3  . .  
5 . 3  Sulfuric Acid Etch 
Analysis of Conversion Coating Solutions 
6.1 Turco Alumigold . 2 
6.2 Iridite 14-2 
Turco Nitradd / Nitric Acid Deoxidizer . . .  
6 .  
/ 
7. Water Analysis 
75' 8. Preparation of Reagents 
8' 
I 9. Preparation and Standardization of Standard Solutions 
810. Calculation of Additions 
*Appendix A - Calibration Graphs 
+Appendix B - Operatio; of Beckman DU Spectrophotometer 
' .  
6h 
. .. 
U.S.P. Grade - 
. .  
. .  
Chemically Pure (C.P.) Grade - 
c 
t or Grade 
e 
.These chemicals are purified accord- 
t up by the indi- 
and since these 
1) No 
1.2 Recording of Data . .  
A l l  a n a l y t i c a l  da t a  ( t i t r a t i o n  volumes, weights, etc.) should be  
. .  
' .  . .  
recorded i n  ink d i r e c t l y  on the  forms provided (Chemical Analysis 
Worksheet). I f  an e r r o r  i s  made, t he  incor rec t  f i g u r e  should be  
crossed out and the  co r rec t  one inser ted .  Each ana lys i s  worksheet - 
must be signed a d  dated by t h e  ana lys t  and f i l e d  f o r  fu tu re  re- 
ference.  
ere questionable. T i t r a t i o n  volumes should be  recorded t o  the + 
neares t  0.05 ml, weights t o  the  neares t  0.1 mg, 
' I .  
. .  
Duplicate analyses w i l l  not  be required unless  the  r e s u l t s  : '  
' 1.3 Calculat ions 
.. 
Sl ide  r u l e  accuracy i s  s u f f i c i e n t  f o r  'all ca l cu la t ions  i f  the  r u l e  ' 
' . i s  10 inches o r  g rea t e r .  Care 'must be used not  t o  express the  re- ' . .  
. >  e s u l t  i n  a way t h a t  implies f a r  more prec is ion  than w a s  used i n  ob- 
t a in ing  t h e  r e s u l t .  I n  most cases, ca l cu la t ion  of r e s u l t s  to'more 
, : . '  than two (2) decimal p laces  is ne i the r  j u s t i f i e d  
.. The r e su l t '  cannot b e  more accura te . than  t h e  d a t a  
obtained e 
. .  
* .  . .  
nor des i rab le ,  
from which' i t  is 
4 .  
fo r  so lu t ion  t o  become homogene 
Sampling i s  b e s t  performed with a g l a s s  o r  p l a s t i c  tube app 
imately i n  diameter. Flush t h e  tube thoroughly with s o l  
then i n s e r t  v e r t i c a l l y  i n t o  tank and allow t o  f i l l  wi th  sample. 
Place thumb over top of tube and withdraw. 
a sampling b o t t l e  which has been previously r insed  with sample. 
Continue t o  t r ans fe r  so lu t ion  t o  b o t t l e  u n t i l  s u f f i c i e n t  l i q u i d  
i s  co l lec ted  f o r  analysis .  
sec t ions  of tank. 
2.2 
Release so lu t ion  i n t o  
. 
Solut ion should be taken from severa l  
2.3 Allow sample t o  cool t o  room temperature before  analysis ,  except i n  
cases  where s o l i d s  may p r e c i p i t a t e  out. 
j u s t  warm enough t o  r e t a i n  s o l i d s  i n  solut ion.  
After  the  ana lys i s  i s  complete, t h e  sample b o t t l e  should be capped 
and the  sample re ta ined  u n t i l  a new sample of t he  same so lu t ion  
‘ ~ i s  taken. This i s  t o  allow a recheck of t h e  a n a l y t i c a l  r e s u l t s  
i f  f h e  need should arise. 
I n  t h i s  case, keep sample 
2.4 
. -  
, 
6k 
Directive No. : 35- 1 
4. Analysis of Alkaline Cleaner Solutions 
4.1 Turco 4215 (Preclean) 
4.1.1 Pipet 10 ml of sample into a 250 ml flask. 
water. 
Add 100 ml of deionized 
4.1.2 Add 5 - ,10 drops of Methyl Orange Indicator and titrate with lg Sulfuric 
Acid (H SO ) to reddish orange end-point. 2 4  
4.1.3 ~ Reactions: 
+ 2H20 -2 . 20H- -t- H2S04 --D SO4 
4h.4 Calculations: 
ml x 2.40 = oz/gal of Turco 4215 
4.2 MacDermids ktalex W Special 
4.2.1 Pipet 10 m l  of sample into B 250 ml flask. 
water. 
Add 5 0 - m l  of deionized 
4.2.2 Add 3 - 5 drops.of Phenolphthalein Indicator and titrate with.12 
Sulfuric Acid (H SO ) to disappearance of pink color. 2 4  
4.2.3 Reactions : 
-2  
' 20H- 4- H2S04 -zr SO4 + 2H20 
4.2.4 Calculations: 
ml x 1.35 = oz/gal of MacDermids Metalex W Special 
6-1 
Direc t ive  No. : 35-1 'i 
5. Analysis of  Deoxidizer and Etch Solut ions 
5.1 Turco Nitradd/Nitr ic  Acid Deoxidizer 
5.1.1 N i t r i c  Acid 
5.1.1.1 Pipet  2 rnl of  sample i n t o  a 400 ml beaker containing 100 m l  ' 
of deionized water. 
T i t r a t e  w i t h  0.5E Sodium Hydroxide (NaOH) t o  a pH of 4,O 
using a pH meter. 
5.1.1.2 
5.1.1.3 Reactions: 
HN03 4-NaOH -+ NaNO + H20 3 









ml x 1.624 = % by Vol. of Nitric Acid (69%) 
Pipet 2 m l  of sample i n t o  a 250 ml f l a s k  containing 50 ml 
of deionized water. P ipe t  i n  1 r n l  of Indica tor  B. 
.Slowly add lg Sodiwn Rydroxide (NaOH) dropwise u n t i l  color 
just: changes t o  yellow-orange. 
Pipet  i n  0.5 m l  of Indica tor  A and add 20 ml of Nitradd 
Buffer Solution. , 
Titrate  with 0.lg Thorium Nitrate ( ' J ~ I ( N O ~ ) ~ )  t o  f i r s t  
d e f i n i t e  pink color .  
Reactions: 
Calculations:  
ml x 2.00 = % b y  Vol, of Nitradd 
6m 
Direct ive No. : 35-1 
5.2 Turco Aluminetch $3 
5.2.1 Pipet 10 m l  of sample i n t o  a 250 m l  f lask.  
water . 
Add 5-10 drops of Phenolphthalein Indicator  and t i t r a t e  w i  
Acid (H SO ) t o  disappearance o f  pink color.  Record as ti 
Add approximately 2g of Sodium Fluoride (Nap) and swirl t o  d isso lve  
(pink color should re turn) .  Continue t i t r a t i o n  to  disappearance of 
pink color.  
Add 30 ml of deionized 
5.2.2 
2 4  
5.2.3 
Record t o t a l  m l  used a s  t i t r a t i o n  B. 
- ,  5.2.4 Reactions: 
- -2  . 2A102 + H2S04 + 2H20 -P 2A1(OH)34 4- SO4 
A1(OH)3 4- 6NaF 4 Na3A1F6 4- 3NaOH 
2NaOH 4- H2S04 -P Na2S04 + 2H20 
5.2.5 Calculations:  
(A - 1/3 (B-A)) x 1.25 = ozjgal of Aluminetch #3 
(B-A) x 0.012 = oz/gal of A l m i n m  (Al)  
6n 
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5.3 Sulfuric Acid Etch 
5.3.1 Pipet 5 ml of sample into a 250 m l v o l m e t r i c  flask. 
volume with deionized water. 
Dilute t o  
5.3.2 P i p e t  10 ml of diluted sample into a 250 ml flask. 
deionized water. 
Add 50 m l  of 
5.3.3 Add 5-10 drops of Methyl Orange Indicator and t i t ra te  with 0.lg 
Sodium Hydroxide (NaOH) t o  yellow end-point. 
5.3.4 Reactions: 
H2S04 4- 2NaOH 
5.3.5 Calculations: 
-+ Na2S04 4- 2H20 
ml x 1.39, = X, by Vol. of' Sulfuric Acid (96% H SO ) 2 4  
6-0 
11.1 * uireceive NO. :. - 
6. Analysis of Conversion Coating; Solut ions 
6.101. Alurhigold 
. 6.1.1.1 . .  
6.1.1.2 
. 6.1.1.3 
Pipet 10 m l  of sample Lnto a 250 m l  f l a sk .  Add 10 ml of 
Sulfur ic  Acta ( H 2 S 0 4 )  and d i l u t e  t o  lo? ml with  
Add 1-2g of Potassitkn Iodide (RI)  and s w i r l ' t o  d i sso lve .  
Stopper f l a sk  and allow t o  s tand f ive (5) minutes. 
T i t ra te  with 0.lE Sodium Thiosul fa te  (Na2S203) unt i l .  
endpoint is  near (greenish-yellow'). Add 1-3 ml of Starch 
Indicator  and. continue t i t r a t i o n  t o  disappearance oE dark 




6.2 I r i d i t e  14-2 
6.2.1 I r i d i t e  
6.2.1.1 
6.2.. 1 2 
6 2 i1.3 
-6.2.1.4 
. -  
React ions: 
- ' c2 
I3 + 2Na2S203 -6 3;v..+ S406 4- 4Na9 ': 
Calculations: 
ml x 0.110 = oz./gal.,, 014 Alumigold 
Measure pH of sample a t  room temperature using an e lec t ro -  
metr ic  PH meter. 
I 
Pipet  10 ml 'of sampletinto a 250 ml f lask.  
1:l Sul fur ic  Acid (H2S04) and d i l u t e  t o  100 m l  with de- 
.ionized water. 
Add 10 m l  of 
Add 1-2g of Potassium Iodide ( K I )  and s w i r l  t o  dissolve.  
Stopper flask and allow t o  s tand f ive (5) minutes. 
T i t ra te  with 0 . 1 N  Sodium Thiosul fa te  (Na2S203) u n t i l  
endpoint is  near-(greenish-yellow). Add 1-3 ml of Starch 
Indica tor  and continue t i t r a t i o n  to disappearance of dark 





- 2  .J 
Cr201 + 9KI + 14X' 4 2C,f3 + 313- "r9K+ 3- 7H20 
Directive No.: 35-1 
. 6.2.1.5 Calculations 
ml x 0.081.~ oz./gal/. of fridite 14-2 
6.2.2 pH 
6.2.2.1. Measure pH of sampleaat room temperature using an elec- 
trmdtric pH meter, 
I) 
7. Water Analysis 
7.1 Total  Hardness 
. .  7.1.3 
731.4 Reactions: 
T i t r a t e  with 0.02EJ EDTA t o  blue end-point. 
.. 
I .  Ca*2 3- EBT -P C a  - EST+2 (red) 
C a  - E B T + ~  3- E D T A - ~  -+ C a  - EDTA + EBT (blue) 
7.1.5 Calculations:  , 
ml x 10.0 =: ppm of Calcium Carbonate (CaC03) . 
7.2 Chloride 
7.2.1 Place approximately 100 ml of sample i n t o  a 250 ml f l a s k  t h a t  
has been r insed with d i s t i l l e d  water (not deionized). 
Add 10 ml of 1:l N i t r i c  Acid (KN03) and approximately 5 m l  of 
0. lg Si lver  N i t r a t e  (AgN03) . 
' 
, .  
7.2.2 
7.2.3 Mix so lu t ion  thoroughly and'examine aga ins t  a st rong light. 
A white tu rb id i ty  ind ica t e s  the .presence  of chloride.  
7.3 pH 
7.3.1.', Measure PH of sampie using 'an e lec t romet r ie  PH meter. 
6r 
Directive NO.: 15-3  
Prepared :, T .  Pagan0 
Approved 
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5 .  VOID REPAIR PROCEDURE, # 7056-1 ' .* 




This specification descrfbes the procedure for repairing voids i n  the . ' 
' \ I  1 * 
bond l ines  on NASA Solar,Simulator Mirrors& 
9 1 .  . .  I 
1 1 
I . I f  ! , '  . ,  
! '* I * . * ' j  
; ' :. 
' I .  ' 
The Bonding Group, und;?r Component Production Section .is responsible, ' .: 
. :  i . 1 1  I '  ' .  
8 I j .  
- 1  
. ,  
, .  
. .  
* .  . *  
.I .. .. _' . 
RESPONSIBILITIES: - . -  
Process Control will monitor the operation, I , ! #  
r * .  
I .  
This is a cr i t i ca l  process and must be rigorously co 




' EXTERNAL VOIDS .. 
. .  
; 1 .  
7 .  
r 
\ 
, EQUIPMENT/MATERIAL ' 
. 1, Woodcarving too l s  and d e n t a l  t o o l s '  
. 2. 
. 3 ,  
1 inch masking tape  
Eye dropper o r  a i r  i n j e c t i o n  gun 
! 
. * I  . 
. .. . .  . .  . 
. ,  
.: . 
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': 40 Tongue depressor and unwaxed 16 02. Dixie cup 
; 
,! 5 .  
;i - .  
She l l  828/DTA (Dicthylentriamine) mixture: 
50 grams S h e l l  8 2 8  t o  7 grams*.D,T.A.'. * 
i Note: A U  equipment must be ' f r ee  from epoxy, dust and grease. , 
I s  OPERATIONAL PROCEDURE: 
i 1 ,  
; 
1~ Cover , the mirror sur face  with Polyethelene f i l m  t o  keep any fore ign  matter  
from scra tch ing  o r  s t a i n i n g  it, (except No, 2 and 3 mirrors  t u r n  r e f l e c t i v e  
Locate void,  then with a small f i l e  gent ly  f i l e  t h e  epoxy surrounding t h e  , 
,void t o  a t t a i n  a good bonding su r faceo  
With an a i r  hose blow a l l  of t h e  f i l i n g s  and dus t  from t h e  void and 
void area.  I .  
Take a co t ton  swab moistened with 200 proof a lcohol  and swab out t h e  
L '  
i h  face  down i n  min 1 inch  bed o f ' c l e a n  absorbent co t ton) .  , ,  
, 2, 
t 
.i > . .  . , ; ;  4 
, ,  
3, ' , ' 
j 
: '  
1.4. 
> . .  void t o  fu r the r  remove any dus t  o r  grease,  .. . 
. .  ' I  
.l ' 









9 .  
10 0 
Take a c l ean  paper towel moistened wi th  200 proof a lcohol  and gent ly  
rub the  void a rea  t o  remove dus t  and greas8. 
Mask o f f  t he  void a rea  t o  keep t h e  excess epoxy o f f  of t h e  c a s t i n g  and 
n i cke l  r e p l i c a ,  
After  t h e  p a r t  has been masked o f f  take  a c l ean  paper towel and moisten 
with 200 proof alcohol and gent ly  rub the  void a rea  t o  remove any dus t  
or grease l e f t  by f inger  p r i n t s  when t h e ' p a r t  was being masked. 
With an a i r  hose blow out t h e  vo id  t o  dry excess alcohol ,  
i 
. 
With a c a l i b r a t e d  s c a l e  measure out t h e  spec i f i ed  mixture of S h e l l  828/MiA. 
S t i r  t h e  mixture slowly u n t i l  it is  thoroughly mixed. 
Uaing an eye 
t .  
dropper o r  a i r  i n j  ec t ion gun 
* .  
Shoot the'  mixture i n t o  t h e  void a 

This  document i s  t o  p r e s c r i b e  t h e  procedure  to be used  i n  t h e  O p t i c a l  
Test and Acceptance o f  t h e  NASA O p t i c a l  T r a i n  R e f l e c t o r s .  
RESPONSIBILITIES 
O p t i c a l  Test w i l l  be  performed by t h e  P roduc t ion  Group o f  t h e  Components 
P roduc t ion  Sec t ion .  P rocess  Cont ro l  w i l l  monitor t h e  t e s t .  
GENERAL 
Th i s  document w i l l  be used  i n  t h e  O p t i c a l  T e s t  and Acceptance o f  t h e  
fo l lowing  r e f l e c t o r s :  
PART NUMBER 
-IC_ 
DESCRIPTION -- IDENTIFICATIOT\T 
614331 Primary R e f l e c t o r  C o l l e c t o r  R e f l e c t o r  No. 1 
614577 Secondary R e f l e c t o r  C o l l e c t o r  R e f l e c t o r  No. 2 
614576 Secondary R e f l e c t o r  Co l l ima to r  R e f l e c t o r  No .  3 
614320 Primary R e f l e c t o r  Col l imator  R e f l e c t o r  No. 4 
(See Appendix 1) 
(See Appendix 2 )  
(See Appendix 3 )  
(See Appendix 4 )  
OPERATIONAL PROCEDLTRE 
P r e s c r i b e d  i n  Appendix. 
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btfcls Plats for locat;- mirror faca ruricr. 
llLrror 'rbrmtiq 6tandeffn. 
m: a R3pustion fer the twt rcrqdrcr 8 target flat wfthfn 
- + .1~J" plum a floor cuucu liar petpcndicular t c  
tag.t *thin 2.0625. 
f; .12F plU8 peqMlm&cUluity to the floet vftbfn 
r,mkrffr OQ back of a o w d l d  drmr cut- 
PILCO mirror e .  - xctfral vaster 
terget bar, ;it ma o3tfcal axir 
tlreorrtiul veitrur), 
L O P  J-  1/16" f m  the thoorotfeal 
(ceator of taxgat to d r m r  
11 








1.2 as& plat0 md d S r O &  mzrt be clcao, 
1.3 Apply th8 check p h t r  OLI an x band and 7 band and et  overhppfq 
S n t c d r  bofng eutrin that aoaa eb the uu rapresentfag a 
csorr 2" vide wfll go unchecked. 
1.4 01. the check plate ao follow t o  calculate uniforaltp of c-e. 
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MIRROR #3 
A, Test to specification . Contract NAS 9-5805 Statement of Work 
Exhibit "C" 
Be Acceptance will be within the following: 
Focal Length - Not Applicable R = 24,867 
Minute deviation f minutes of theoretical slope, 
C, Optical test method accuracy approximately 4 fringes, 
Revised 18 October 1966 
14a 
APPENDIX & 
OPTICAL TEST PROCEDURE REFLECTOK KO. 4 
TEST EQUIPXESlT REQnIRED 
1. Reflector Holding Fixture and Support Assembly, having hgrizontal, 
vertical, focus, azimuth, and elevation adjustments, EOS Drawing 
NO, 91-11855. 
2. Projection Light Source, Sylvania ASP. Code FAV 100 Watts (11.0 Volts). 
Microscope Objective Lens 40X N. A. 0.65. DC Power Supply 0-12 Volts. 
Light Source Support - Micro Manipulator Nodel P P l ,  Catalog No. 30-51-10, 
having horizontal, vertical, and focus adjustments. 
3. 
4 ,  Theoretical displacements target bars, showing nominal theoretical 
displacements and i displacements allowed. 
screen. 
Mount to flash target 
5. Slotted Mirror Face Masks. 
6. Reticle plate for locating mirror face masks. 
7. Mirror mounting standoffs. 
8 ,  Focal length fixture and set of inside micrometers. 
9. Graphic camera and poloroid film pack. 
10. Grid Mask (2 inch square pattern). 
- NOTE: Preparation for the test requires a target flat within 2 .125" 
plus perpendicularity to the floor within 2 .125" plus a floor 
center line perpendicular to target within 2 .0625. 
should have concentric rings for alignment purposes. 
Target 
1.0 DETAIL TEST PROCEDURE 
1.1 Hount standoffs on back of assembled mirror casting. 
1.2 Bolt mirror assembly to support assembly. 
_I NOTE: Orient the top of the mirror (slot has mounting holes in 
flange) at the top, 
1 - 3  Install reticle plate ( t o  locate on casting I. D. and reticle in 
reticle plate to match reticles in mirror), This establishes 
center of mirror. Match of reticles to be as accurate as possible. 
1.4 Place light source on the optical axis using focal length fixture 
approximately 35.5" from mirror theoretical vertex. Focal length 
tolerance 35.5" - + 1/16", Operate the light source and darken room. 
15 
Revised 25 April 1967 
1.5 C o n c e n t r i c a l l y  a l i g n  p r o j e c t e d  f l a s h  t o  a c o n c e n t r i c  r i n g  on 
t h e  150" f l a s h  t a r g e t  ( u s i n g  x, y, z ,  azimuth, and e l e v a t i o n  
c o n t r o l s  of m i r r o r  suppor t  and l i g h t  s o u r c e ) .  
1.6 I n s t a l l  the  2 i n c h  squa re  g r i d  a t  t h e  t h e o r e t i c a l  f o c a l  l eng th .  
Take t h r e e  ( 3 )  photographs a t  t h e  150" r ange  and two (2)  photo- 
graphs  a t  t h e  360" range. 
_II NOTE: Clear  sha rp  photos are necessa ry  i n  t h e  fo l lowing  steps.  
1.7 P l a c e  s l o t t e d  f a c e  masks on c e n t e r  l o c a t i n g  s t u d  o f  r e t i c l e  p l a t e  
R e t i c l e  . and l a y  on r e f l e c t i v e  s u r f a c e  o f  mi r ro r  i n  x and y a x i s .  
marks .determine a x i s .  Mask should  be a s t r a i g h t  l i n e  from s t u d  t o  
f i r s t  t e s t  d iameter  of  mask, The mask should  l a y  f l a t  a long  t h e  
contour  of t h e  mi r ro r ,  
1.8 MouRt m i r r o r  t h e o r e t i c a l  t a r g e t  b a r  on 150" f l a s h  t a r g e t  c e n t e r i n g  p in .  
1.9 By focus ing ,  a d j u s t i n g  azimuth and e l e v a t i o n  on m i r r o r  suppor t  assembly 
and l i g h t  sou rce ,  g a i n  t h e  b e s t  average  r e f l e c t e d  mask s l o t  image (at 
a l l  t es t  d i ame te r s )  i n  comparison t o  t h e o r e t i c a l  t a r g e t  ba r .  Use t h e  
360" f l a s h  photo as a gu ide  t o  de te rmine  a b n o r m a l i t i e s .  
o r  wavy g r i d  l i n e s ,  b r i g h t  s p o t s ,  dark  s p o t s ,  which w i l l  be  t e s t e d  i n  
a d d i t i o n  t o  t h e  x and y a x i s .  A l l  a d d i t i o n a l  tes t  l o c a t i o n s  w i l l  be 
no ted  on one o f  t h e  150" f l a s h  photos. A l l  a d d i t i o n a l  t es t  l o c a t i o n s  
w i l l  b e  numbered c lockwise  look ing  a t  t h e  f a c e  o f  t h e  m i r r o r  and 
marked counterc lockwise  on one o f  t h e  150" f l a s h  photos.  
s l o t  mask t o  t h e  s e l e c t e d  posi . t ions t o  prove t h e s e  a r e a s  are w i t h i n  
s p e c i f i c a t i o n ,  
Look f o r  cu rves  
Move t h e  
1.10 I f  t h e  examination shows t h e  u n i t  i s  a c c e p t a b l e  r e c o r d  d a t a  f o r  t h e -  
x-y a x i s  and a l l  a d d i t i o n a l  t e s t  d iameters  by o r i e n t i n g  t h e  t a r g e t  
b a r  t o  c o i n c i d e  wi th  t h e  s l o t  mask l o c a t i o n s ,  Mark t h e  c e n t e r  o f  
t h e  r e f l e c t e d  image on t h e  t a r g e t  b a r  and r e c o r d  t h e  d a t a  on t h e  
d a t a  s h e e t ,  
1.11 Complete t h e  d a t a  package by making two ( 2 )  complete s e t s  o f  d a t a  
c o n s i s t i n g  o f  one (1) 150" f l a s h  photo,  one (1)  360" f l a s h  photo,  
one (1) 150'' f l a s h  photo showing a d d i t i o n a l  t es t  l o c a t i o n  n o t e s ,  and 
a l l  t es t  d a t a  s h e e t s .  
- NOTE: Second marked 150" f l a s h  photo may be  a Xerox copy. 
MIRROR NO, 4 
OPTICAL TEST SPECIFICATIONS - 
-
A. 
B, Acceptance o f  m i r r o r  w i l l  be  w i t h i n  t h e  fo l lowing:  
Test t o  s p e c i f i c a t i o n  Con t rac t  NAS9-5805 Sta tement  of  Work E x h i b i t  "C". 
Foca l  Length 35.5" 2 1/16" 
Minute Dev ia t ion  I + 5 minute o f  t h e o r e t i c a l  s l o p e  
O p t i c a l  t es t  method accuracy  i s  5 1.5 minute of s lope .  C, 
16 
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Directive No.: 110-1 
Revision No.: Original 
Date: 
Prepared by: W. McCrary 
Approved by: s&L.-kkf 
12 December 1966 
CORROSION RETARDENT COATING FOR ALUMINUM CASTINGS 
Purpose : This directive provides the material specification, use and 
application of materials used to minimize *or retard corrosion 
of aluminum on' internal water coolant channels. 
- Use : NASA Solar Simulator Mirror Nos. 1 and 2 
Responsibility: Solar Simulator Program Office 
Description: CS 2602 is a two component polyurethane coating which cures 
. . at normal temperatures to a tough, long wearing, and abrasion 
resistant coating. CS 2602 is a glass-like coating which is 
resistant to chemicals, weathering, and extremes in temperatures. 
Properly applied CS 2602 is highly resistant to staining, 
chalking, cracking, oxidizing, crazing, and peeling. CS 2602 
is a non-toxic, germ-free, inert coating which will not sustain 




Mixing Ratio Base Compound: Curing Agent 3: 1 by volume 
Shelf Life One Yearo(Unopened Container) 
Flash Point Above 90 F 
Application Life 12 Hours 
Tack-free Time 2 Hours 
Time for Full Cure 
Coverage per gallon 650 square feet 
3 - 5 Days 
(1% mils) 
Cured Properties 
Hardness 68 Sward Rocker 
Chemical Resistance Excel 1 en t 
Weather Resistance Exce 11 en t 
Abrasion Resistance Compared t o  Other Materials 
CS 2602 36.6 
Viny 1 90 
EPOXY 185 
Chlorinated Rubber 210 
NOTE: Determinations were based on Average Taber Abrasion Index. The -
numbers indicate the milligrams of weight loss per 1000 revolutions 
using the CS 17 wheel and a 1000 gram load. 
17a 
Directive No.: 110-1 
Date : 12 December 1966 
Page two 
2.0 Surface Preparation 
1. Flush the casting using commerical grade acetone. 
will be made until casting flows freely and effluent solvent is free 
of metal chips, discoloration, etc. 
Changes of solution 
- NOTE:
2. 
Casting water flow rate must meet drawing specifications. 
Air dry the casting until it is frqe of solvent. 
3.0 Mixing Instructions 
Thorough mixing is essential to obtain a cured coating. 
temperatures exceed 90 F, storage and mixing should be in a cool area 
since elevated temperatures will reduce the application life, 
prevailing temperatures are below 65 F, CS 9936 Speed Cure must be used. 





1. Transfer all of the curing agent into the base compound container 
and mix until a thorough blend is obtained. 
2. Allow to stand 15 minutes before using, 
3. For lesser amounts, mix three (3) parts of base compound to one (1) 
part of curing agent by volume. Caution: Keep all containers 
tightly sealed. 
'4.0 Application Instructions 
1. Introduce mixed CS 2602 into casting with pumping station until 
material flows freely with no evidence of entrapped air. 
2, Remove excess paint from casting. 
The rate of cure is affected by temperature and humidity. 
cure may be accelerated by heating. 
under.conditions in 3 to 5 days. 
The rate of 
CS 2602 will achieve full cure 
If a faster tack-free and cure time is desired, CS 9936 Speed Cure is 
recommended. The use of CS 9936 Speed Cure is not detrimental to the 
properties of CS 2602. 
6.0 Moisture Contamination 
CS 2602 is extremely moisture sensitive. 
taken to prevent moisture contamination from improperly cleaned surface 
and equipment. 
Adequate precautions must be 
17b 
Directive No.: 110-1 . 
Date: 12 December 196 
Page three 
7.0 sleaning 
CS 2602 should be removed from equipment and tools with CS 9900 Cleaner 
re the coating cures. Cured coating m d from equipment 
oaking in CS 9900 Cleaner and scrubbing. 
8.0 Storage Life 
CS 2602 may be stored for one year delow 80°F in the original unopened 
containers without deterioration of the usefulness of performance 
properties of,the cured materials. 
17c 
r 
2.1 W o  .pecification bec-r effective on the date of isrwnce. 
davlatiaec or changca s&fI h paraietd without the written 
ruthotitrtiou of t&a +t%-:rl Frafu Program Cfiice. 
80 
3.1 ihc requiremento of t h t s  specification ahall apply ts all vacuum 
&peritfon of f i b $  on Optical T?&I e l t c tro fumd optical 8:e-t. 
aauigc+d by the RoQlctfon Section. 
Sol G8neral eAaenfn8 vi11 be par€orcKd on a l l  rr?licar prtsr  ta coatinx. 
Special cleaning techniqusr mu7 alro  t e  tequlred ab fadfcatad by tha  
Production (ktlina, 
to r m  lome p a r t i c l e s ,  thap gentla uas'nfag uitb aboorbeat coctka 
and a -ionic detergent, f0210ud by a thorwgb tLuzfri$ w i t h  
dL8tillsd water. 
be cleaned i f  practical, 
S.2 &epl;cas rreeirrd with the rflrcr scarititfag f i l m  intact will br 
rtripped l ~ d i a t c l y  follobiag general cleaning. 
bs accbnpltdred v i t h  m e  of E1ecttoli)FticzL Sptens Froyrifttary 
so:utfiona for &rsofvix?~ silver. 
atcording to the tme and nature of the surf- t t o  be stripped. 
The Production Outliar vi11 Ladisat. ttLs forrula LO be used. 
General cleaning vilt conrtrt of epray rinsing 
A l l  mxrfaeeo, not jurt  tha a m a a  to be coaZcd, d l 1  
S t t f p p k g  Vi11 
??laplo solution, very ir, ccmporitfoa 
i a  
5.5 'Lha rcplleu eholl bo p i e d  fm tha vue- of.t- u quickly cu 
poarlblr . feu tha cbrplotloa of ths cloaxh& atrfppb& rd 
brl)ing qmratfcnu. In m cua, chpll th ia  U t f l y  p u i d   
01w (1) bour sad tha t o p l f e u  m0t be protect& froa ah6apbarfc 
emtamhatfen durLry, the period, 
6.1 &.pa r-lkdtl dldl be C18Crd fU t;hO 8 7 8 t U  in tho Ut-- 
m t  indicated LO tho Roductioa Ol;tlfm, Remve a11 dust 
particle8 from the optical rurfacs using a gantla stream 
Of dry nitrogen, 
6.S Allm coatad repSiu8 to cool to to~lr temperature ind vfmal ly  
h p e c t  prfor to o b d m i o n  for ptocerr iarp.ctios. 
19 
R c v i s c d  18 October 19b6 
EXHIBIT C 
SPECIFICATION FOR MSC SOLM SIMULATOR MIRRORS 
1, . SCOPE 
This specification covers the requirements for the design fabrication, 
testing, acceptance, and shipment of four ( 4 )  electroformed reflectors used 
for each solar simulator module, The acceptance test may be made after the 
reflector is assembled into the final collector or collimator assembly. 
2, APPLICABLE DOCUMENTS 
The following drawings with this specification will be the sole documents 
for acceptance of each electroformed solar reflector, 
Drawings Reflector No. 
EOS P/N 91-11927 1 Primary Collector 
EOS P/N 91-11880 2 Secondary Collector 
EOS P/N 91-11856 3 7 7 Secondary Collimator 
EOS P/N 614320 4 Collimator Mirror 
3, REQUIREMENTS 
The four ( 4 )  solar simulator reflectors shall be in accordance with 
Drawings 91-11927, 91-11880, 91-11856, 61.4320 as currently modified and 
specified herein Reflectors No. 1 and Xo. 4 shall be fabricated for 
positive cooli.ng water sealant without use of bonding techniques. 
contractor shall minimize corrosion in all reflector coolant water channels. 
The 
3.1 Coatings 
3.1.1 Coating Reflectivity 
Each electroformed nickel fnirror will be coated with a 
barrier coat of Chromium and SiO, aluminized, and then overcoated 
with highly oxidized SiO, The reflectivity will be measured as 
follows: The contractor will supply MSC twelve (12) representative 
sample coatings on glass slides, FISC will test all twelve (12) 
samples and return six (6) of these samples to the contractor as 
standards. Six samples will be retained by MSC as standards, 
During the actual coating operations, two (2) glass slides 
positioned at the 0, D, and I. D, of each mirror, will be included 
with each production mirror so that the coating applied to the 
reflector will also be applied to the slides and be representative 
of the uniformity o €  coating throughout the mirror, 
19a 
These s l i d e s  w i l l  t hen  be  compared t o  t h e  r e t u r n e d  s t a n d a r d  
The comparison will be accomplished by t h e  vendor u s i n g  a s l i d e s ,  
Beckman Model DU spec t rophotometer  o r  equa l ,  A s p e c u l a r  r e f l e c t i v i t y  
r e a d i n g  w i l l  be made a t  approximate ly  380, 550, and 850 mi l l imic rons .  
The measured r e f l e c t i v i t y  of  t h e  p r o d u c t i o n  sample  s h a l l  n o t  be more 
t h a n  2% below t h e  r e f l e c t i v i t y  o f  t h e  "standard" (average  f o r  t h e  
s i x  s a m p l e s )  s l i d e  f o r  t h e  wavelength t e s t e d .  (t 2% i s  t h e  nominal 
i n h e r e n t  accuracy  o f  t h e  in s t rumen t -ope ra to r  measurement system. 
3.1.2 Coat ing  Adhesion 
Coat ings  s h a l l  b e  f i r m l y  a d h e r e n t  and s h a l l  n o t  be  removed 
when s u b j e c t e d  t o  c l e a n i n g  procedures  as set f o r t h  i n  
o f  t h i s  S p e c i f i c a t i o n .  
R e f l e c t o r  F igu re  
The c o n t r a c t o r  s h a l l  supply  o r  a r r a n g e  f o r  t h e  supp ly  
and submasters  from which t h e  r e p l i c a  m i r r o r s  w i l l  be 
S e c t i o n  6.2.1 
o f  a l l  masters 
made. The 
fo l lowing  d e v i a t i o n s  o r  f i g u r e  t o l e r a n c e s  f o r  t h e  f i n a l  rep l ica  
m i r r o r s  w i l l  be allowed from t h e  t h e o r e t i c a l  o p t i c a l  f i g u r e s  as 
shown i n  Char t  I1 of  Exh ib i t  B, 
a. Primary C o l l e c t o r ,  Drawing No,  91-11927 s l o p e  e r r o r  2 
4 min, o f  a r c  from t h e  t h e o r e t i c a l  f i g u r e ,  
b e  Secondary C o l l e c t o r ,  Drawing No, 91-11880 s lope  e r r o r  
t 3-1/2 min of  arc from the t h e o r e t i c a l  f i g u r e ,  
c. Secondary Co l l ima to r ,  Drawing No,  91-11856 + - 30 sec.  
of a r c  from t h e  t h e o r e t i c a l  f i g u r e .  
d, Primary Co l l ima to r ,  Drawing No, 614320 - + 5 min. o f  arc 
from t h e  t h e o r e t i c a l  f i g u r e ,  
Masters s h a l l  be o v e r s i z e d  minimum of  f i n a l  m i r r o r  dimensions + 
2 i n ,  r a d i u s  o u t s i d e ,  -2 i n ,  r a d i u s  i n s i d e ,  A s l i g h t  d i s t o r t i o n  
exceeding t h e  above noted  t o l e r a n c e s  may b e  p r e s e n t  a t  i n n e r  and/or  
o u t e r  edges,  These areas s h a l l  n o t  be inc luded  when i n s p e c t i n g  f o r  
o p t i c a l  f i g u r e ,  
3.2.1 T o o l i n g  
A s p e c i f i c  tes t  technique  w i l l  be used f o r  t e s t i n g  each of 
t h e  4 c o n f i g u r a t i o n s  o f  p roduc t ion  m i r r o r s ,  Two (2)  i d e n t i c a l  s e t s  
o f  test equipment w i l l  be f a b r i c a t e d  by t h e  c o n t r a c t o r  and compared 
f o r  accu racy  and r e p r o d u c i b i l i t y ,  MSC w i l l  i n s p e c t  t e s t  equipment, 
select and t r a n s p o r t  one (1) set t o  XASA, FISC f a c i l i t y  for coinparutive 
t es t  purposes ,  
p roduc t ion  and acceptance  tes t i .ng,  Where a p p l i c a b l e ,  the c o n t r a c t o r  
The 2nd s e t  w i l l  be r e t a i n e d  by t h e  c o n t r a c t o r  f o r  
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s h a l l  u t i l i z e  equipment a l r e a d y  developed f o r  NASA Cont rac t  NAS 9-1097. 
3,2,2 z e s t  Method 
Each m i r r o r  s h a l l  be  t e s t e d  b e f o r e  shipment t o  MSC f o r  proof  
o f  compliance w i t h  t h e  requi rements  f o r  r e f l e c t o r  f i g u r e  ( S e c t i o n  
3.2). 
w i l l  be  s imilar  i n  n a t u r e ,  b u t ,  because  o f  t h e  d i f f e r e n c e  i n  
c o n f i g u r a t i o n  and o p t i c a l  c h a r a c t e r i s t i c s  o f  t h e  f o u r  ( 4 )  m i r r o r s  
i n  q u e s t i o n ,  each t e s t  w i l l  d i f f e r  i n  d e t a i l  f o r  m i r r o r s  #l, #2 
and #4,  The tests w i l l  c o n s i s t  of  mounting t h e  m i r r o r  t o  be  t e s t e d  
on a h o l d i n g  f i x t u r e  which h a s  t h e  c a p a b i l i t y  o f  l i n e a r  movement i n  
Tests w i l l  be  performed by EOS pe r sonne l ,  The t es t  t e c h n i q u e s  
t h e  x and y p l a n e s  as well as azimuth and e l e v a t i o n  movement, A 
p o i n t  l i g h t  sou rce  s h a l l  b e  l o c a t e d  on  a d e v i c e  which i s  capab le  o f  
ad jus tmen t  i n  t h e  x, y, and z p lanes  and p o s i t i o n e d  i n  f r o n t  o f  and 
on t h e  o p t i c a l  a x i s  o f  t h e  m i r r o r  b e i n g  t e s t e d ,  
a d j u s t e d  such t h a t  t h e  energy  from t h e  sou rce  s h a l l  b e  r e f l e c t e d  by 
t h e  m i r r o r  on to  a t a r g e t  plane.  The t a r g e t  p l a n e  s h a l l  be  s u i t a b l y  
marked and p o s i t i o n e d  i n  con junc t ion  w i t h  t h e  a forement ioned  
ad jus tmen t s  o f  t h e  m i r r o r  suppor t  and l i g h t  sou rce  so t h a t  a n  
i l l u m i n a t e d  p a t t e r n  o f  a x i a l  symmetry can  b e  achieved. A g r i d  o r  
mask w i l l  be  i n t e r p o s e d  i n  t h e  l i g h t  bearn between t h e  sou rces  and 
t h e  m i r r o r  o r  a g a i n s t  t h e  s u r f a c e  o f  t h e  m i r r o r ,  as t h e  p a r t i c u l a r  
m i r r o r  c o n f i g u r a t i o n  r e q u i r e s ,  i n  such  a manner t h a t  t h e  p a t t e r n  o f  
t h e  g r i d  o r  mask w i l l  b e  p r o j e c t e d  on  t h e  t a r g e t  a r ea .  
The system s h a l l  b e  
The test  s h a l l  c o n s i s t  o f  a comparison between t h e  p r o j e c t e d  
p a t t e r n s  (as observed  on  t h e  t a r g e t )  o f  t h e  r ep l i ca  p r o d u c t i o n  m i r r o r  
and t h e  t h e o r e t i c a l  d a t a  p o i n t s  from which t h e  r e p l i c a  m i r r o r  was 
made. Allowable a n g u l a r  s l o p e  e r r o r s  s h a l l  b e  ma themet i ca l ly  
c a l c u l a t e d  by de te rmin ing  t h e  d e v i a t i o n  i n  beam p o s i t i o n  a t  t h e  
t a r g e t  p l a n e  and t h e  d i s t a n c e  between g r i d  o r  mask and t a r g e t  plane.  
The g r i d  o r  mask s h a l l  p r o v i d e  f o r  comparison o f  t h e  r e p l i c a ,  w i t h  
t h e  t h e o r e t i c a l  d a t a  p o i n t s  a c r o s s  a t  l e a s t  two (2)  f u l l  d i ame te r s ,  
90 to each o t h e r  (x and y a x i s ) .  Mask h o l e  s p a c i n g s  o r  g r i d  
spac ing  s h a l l  a l l o w  f o r  d i a m e t r i c a l  examinat ion  o f  t h e  u s a b l e  
m i r r o r  s u r f a c e  a t  i n t e r v a l s  not  exceeding  1/2" f o r  m i r r o r s  Nos. 
1, 2 and 3 and 1" i n t e r v a l s  f o r  m i r r o r  No, 4 ,  
0 
I n  a p p l i c a t i o n ,  t h e  t a r g e t  p a t t e r n ,  based  on t h e  t h e o r e t i c a l  
data w i l l  be permanently recorded  on t h s  r e s p e c t i v e  t a r g e t  areas and 
t h e  a l l o w a b l e  beam d e v i a t i o n s  a s s o c i a t e d  wi th  each o f  t h e  i n d i v i d u a l  
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s l o p e  e r r o r  t o l e r a n c e s  a s ' n o t e d  i n  S e c t i o n  3.2 a ,  b, c, and d,  
w i l l  b e  marked on t h e  t a r g e t s ,  The tes ts  f o r  t h e  No ,  3 m i r r o r  
s h a l l  be by conven t iona l  o p t i c a l  t es t  p l a t e  t e c h n i q u e s  u s i n g  a 
two (2) i n c h  dfameter  tes t  p l a t e .  
3,2,3 To le rances  and Sur face  Defec ts  
3,2,3,1 A d d i t i o n a l l y ,  1% o f  t h e  u s a b l e  surface area o f  
each m i r r o r  may exceed t h e  t o l e r a n c e s  l i s t e d  above 
provided  t h a t  no s i n g l e  d e f e c t  s h  have a n  area g r e a t e r  
t h a n  1/10 o f  1% f o r  Mi r ro r s  No, 1 
f o r  B i r r o r  No ,  4. 
c o a t i n g s  and/or  non-usable b s i d e  d i ame te r s  and o u t s i d e  
d i ame te r s ,  as p r e v i o u s l y  d e f i n e d  d u r i n g  t h e  c o u r s e  o f  t h e  
c o n t r a c t ,  s h a l l  not b e  inc luded  i n  t h e  1% allowance. 
3.2.3.2 A d d i t i o n a l l y ,  f o r  M i r r o r s  No, 1, 2 and 4 ,  a 
photograph o f  t h e  p r o j e c t e d  ' ' f lash" w i l l  b e  made where 
* f e a s i b l e ,  I f  appa ren t  abnorma l t i e s  are n o t i c e d ,  t h e  
m i r r o r s  w i l l  be r e p o s i t i o n e d  and t h e  p r e s c r i b e d  tests 
w i l l  be performed t o  i n c l u d e  t h e  q u e s t i o n a b l e  areas, 
N i r r o r s  w i l l  be  a c c e p t a b l e  i f  t h e  measured d e v i a t i o n s  
do n o t  exceed c o n d i t i o n s  of  Par ,  3 - 2 ,  a,  b,  c, and d 
and P a r ,  3,2,3,1, 
, and 3 and 1 /20  o f  1% 
A r e a s ' e f f e c t e d  by edge s e a l i n g  of  
3.2.3.3 X i r r o r s  No. 1, 2 ,  and 3 s h a l l  have no more t h a n  1% 
of t h e  s u r f a c e  a r e a  which i s  less than t h e  a l l o w a b l e  r e f l e c t -  
i v i t y  l e v e l  w i th  f u r t h e r  l i m i t a t i o n s  t o  area as d e f i n e d  i n  
3.2.3.1 above. Mi r ro r  No. fou r (4 )  s h a l l  have no m r e  than  2 
of 1% of t o t a l  a r e a  a l lowab le  r e f l e c t i v i t y  deg rada t ion  except  
f o r  a n  a l lowab le  inch  wide band a t  i n n e r  and o u t e r  edges,  
I n  a d d i t i o n ,  no s i n g l e  s u r f a c e  d e f e c t  s h a l l  be  more t h a n  1/ 50 
of  1% of t h e  u s a b l e  s u r f a c e  area. 
O p t i c a l  Tolerance  and Sur face  Defects ,  Attachment 1 t o  E x h i b i t  
C, da t ed  20 June  1967,  i s  inc luded  h e r e i n  and a t t a c h e d  h e r e t o  
and made a p a r t  he reo f  f o r  i n s p e c t i o n  purposes." 
3.2.3.4 The 1% area a l lowab le  f o r  o p t i c a l  s l o p e  d e f e c t s  and 
the above de f ined  o r  c o a t i n g  d e f e c t  a r e a s  s h a l l  not  b e .  
cons ide red  a d d i t i v e ,  No more t h a n  one p e r c e n t  s h a l l  be 
a f l o u e d  f o r  t h e  t o t a l  o f  bo th  types  o f  d e f e c t s .  
3.2.3.5 The presence  o f  m i r r o r  s u r f a c e  d e f e c t s  which a r e  
normal t o  t h e  r e p l i c a t e d  mi r ro r  p rocesses  and which a r e  not  
obvious ly  t h e  resu l t  o f p o o r  .$orkmanship s h a l l  not  be cause  
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f o r  r e j e c t i o n .  
s h a l l  no t  exceed t h e  a l l o w a b l e  areas above, 
P i t s  and d i g s  r e p l i c a t e d  from t h e  master 
3,3  % s a t i n g  C h a r a c t e r i s t i c s  
The r e f l e c t o r s  s h a l l  no t  b e  damaged when s u b j e c t e d  t o  a n  
0 
o p e r a t i o n a l  t empera tu re  environment of -280 P to +15O0F, and 
P/N 91-11856 and 614320 s h a l l  b e  c a p a b l e  o f  s u s t a i n e d  exposure  t o  a 
vacuum n o t  t o  exceed 1 x t o r r ,  t o  a t empera tu re  environment 
r ang ing  from -280°F t o  -l-15O0F, and s h a l l  w i t h s t a n d  shock l o a d s  up t o  
t h o s e  a s s o c i a t e d  wi th  normal t r u c k  and a i r  t r a n s p o r t a t i o n ,  w i thou t  
mechanical f a i l u r e  o r  loss o f  o p t i c a l  f i g u r e s ,  p rovided  t h a t  n e i t h e r  
t h e  water c o o l i n g  no r  t h e  i l l u m i n a t i o n  p o r t i o n  o f  t h e  o v e r a l l  So la r  
S imu 1 a t  o r Mo du 1 e S y s t e m  m a  1 f unc t i o n s  . 
4 ,  QUALITY ASSURAi':CE PROVISIONS 
The c o n t r a c t o r  i s  r e s p o n s i b l e  f o r  t h e  performance o f  a l l  i n s p e c t i o n s  
and tes t  r equ i r emen t s  s p e c i f i e d  h e r e i n .  
may a l s o  b e  performed a t  t h e  c n n t r a c t o r ' s  p l a n t  by MSC d e s i g n a t e d  pe r sonne l .  
I n s p e c t i o n s  and t e s t  of end items 
4.1 Mechanical I n s p e c c o g  
Each r e f l e c t o r  s h a l l  be  i n  accordance  w i t h  Drawings P/N 91-11927, 
91-11880, 91-11856, 614320 as c u r r e n t l y  modi f ied ,  
4 , 2  Tests 
Each r e f l e c t o r  s h a l l  have t h e  fo l lowing  tes ts  performed by 
P roduc t ion  Cont ro l  Pe r sonne l  
a, Coat ing  r e f l e c t i v i t y  i n  accordance  w i t h  Paragraph  3-1 .  
b, R e f l e c t o r  f i g u r e  i n  accordance  w i t h  Paragraph  3.2, 
c. Leak and p r e s s u r e  t es t s  - each r e f l e c t o r  c o o l i n g  s y s t e m  
s h a l l  b e  t e s t e d  i n  accordance  w i t h  t h e  a p p l i c a b l e  drawing 
r equ i r emen t s  and t h e  fo l lowing :  A l l  m i r r o r s  s h a l l  b e  checked 
a t  a h y d r o s t a t i c  t es t  p r e s s u r e  o f  150 PSIG f o r  f i v e  (5) 
minutes  o r  more, 
5. PREPARATION FOR DELIVERY 
5-1 Packaging 
R e f l e c t o r s  s h a l l  b e  packaged adequa te ly  t o  a s s u r e  no damage i n  
shipment v i a  commercial a i r  o r  s u r f a c e  c a r r i e r s ,  
5 - 2  Accompanving Data 
The fo l lowing  d a t a  w i l l  accompany each  r e f l e c t o r :  
5 ,2 ,1  I n s p e c t i o n  T r a v e l e r  - c e r t i f y i n g  t h e  compliance o f  Items 4.2 
Item a, b, and c, 
6 ,  WARRANTY 
I n  l i e u  of  any o t h e r  war ran ty ,  expres sed  o r  imp l i ed ,  t h e  c o n t r a c t o r  s h a l l  
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warrant  t h e  r e f l e c t o r  f i g u r e  and o p t i c a l  c o a t i n g  i n  accordance  w i t h  
t h i s  s p e c i f i c a t i o n  f o r  a p e r i o d  o f  one (1) y e a r  a f t e r  accep tance  provided  
t h a t  p rope r  hand l ing  methods and c l e a n i n g  p rocedures  have  been u t i l i z e d  
and t h e  m i r r o r s  have n o t  been exposed t o  t empera tu re  o r  o t h e r  c o n d i t i o n s  
t h a t  exceed t h o s e  d e f i n e d  i n  S e c t i o n  3.3, Opera t ing  C h a r a c t e r i s t i c s ,  
6.1 R e f l e c t o r  F i g u r e  Warranty 
. 
J u s t i f i c a t i o n  f o r  warran ty  replacement f o r  r e f l e c t o r  f i g u r e  d e v i a t i o n  
w i l l  b e  ev idenced  by comparison of t h e  photo o r  tes t  o f  t h e  q u e s t i o n a b l e  
r e f l e c t o r  wi th  t h e  photo o r  test nade f o r  acceptance ,  
6.2 Optical Coat ings  Warranty 
Coat ing  f a i l u r e  c l e a r l y  a t t r i b u t a b l e  t o  f a u l t y  workmanship by t h e  
c o n t r a c t o r  (i. e, a f t e r  exposure  t o  normal o p e r a t i o n  o r  s t o r a g e  c o n d i t i o n s  
t h e  c o a t i n g  p e e l s  o r  s e r i o u s l y  degrades) s h a l l  b e  cause  f o r  rep lacement ,  
P i n p o i n t  o r  o t h e r  r e p l i c a t e d  d e f e c t s  are normal i n  e l ec t ro fo rmed  r e p l i c a s ,  
and w i l l  n o t  be  cause  f o r  replacement,  A d d i t i o n a l l y ,  arc s p u t t e r i n g ,  
t a i l  flame impingement s h a l l  n o t  b e  cause  f o r  war ran ty  rep lacement ,  
6.2.1 Gleaning o f  t h e  R e f l e c t i v e  Coat ings  
Improper c l e a n i n g  o f  t h e  vacuum d e p o s i t e d  re f lec t ive  c o a t i n g  
can  s e r i o u s l y  a f f e c t  t h e  l i f e t i m e  o f  t h e  c o a t i n g s ,  Minute s c r a t c h i n g  
from a b r a s i v e  p a r t i c l e s  can  p e n e t r a t e  t h e  p r o t e c t i v e  S i 0  o v e r c o a t ,  
expos ing  t h e  r e f l e c t i v e  aluminum l a y e r  t o  humidi ty  and o t h e r  
a tmospher ic  a t t a c k ,  Excess ive  p r e s s u r e  o r  a b r a s i o n  d u r i n g  c l e a n i n g  
can  a l s o  p e n e t r a t e  one o r  more of  t h e  vacuum d e p o s i t e d  l a y e r s  and 
c o n t r i b u t e  t o  l o c a l  l o o s e n i n g ’ o f  t h e  f i lms .  
are i n h e r e n t l y  s t r e s s e d  and any i u b s t a n t i a l  s c r a t c h i n g  o r  p e n e t r a t i o n  
can  minimize b o t h  r e f l e c t i v i t y  and l i fe t ime,  
Vacuum d e p o s i t e d  f i l m s  
For t h e s e  r e a s o n s  t h e  fo l lowing  o p t i c a l  c o a t i n g  c l e a n i n g  
p rocedures  a re  mandatory, 
Cleaning  Procedure  
O p t i c a l  c o a t i n g s  as a p p l i e d  t o  each  o f  t h e  f o u r  m i r r o r s  under 
t h i s  c o n t r a c t  s h a l l  be c l eaned  u s i n g  a s o f t  c l o t h  which has  been 
a d e q u a t e l y  l aunde red  t o  remove any a b r a s i v e  a g e n t s  and a 1 t o  3 p e r c e n t  
aqueous s o l u t i o n  of  a non- ionic  d e t e r g e n t  such  as Kyro E, 0. ( P r o c t o r  
& Gamble), Before  p h y s i c a l  
c l e a n i n g  o f  t h e  surEace, any p a r t i c l e s  which may e x i s t  on t h e  s u r f a c e  
shou ld  be  f l u s h e d  away b e f o r e  wiping i s  begun, The c l e a n i n g  s o l u t i o n  
and t h e  s u r f a c e  t o  be  c l eaned  should b e  a t  a t empera tu re  ran.:t between 
+60° and +80°F, The m i r r o r  should be  r i n s e d  o n l y  w i t h  distilled o r  
de ion ized  water  and d r i e d  u s i n g  a c l e a n  s o f t  l aunde red  c l o t h  o r  
s u r g i c a l  g rade  abso rben t  c o t t o n ,  
No a b r a s i v e s  o f  any k ind  should  b e  used, 
Only mi ld  p r e s s u r e s  should  be used as 
1.9 f 
even surgical cotton is abrasive under sufficient pressure. 
Evaporative drying can also be accomplished following the 
distilled water rinse with the use of absolute ethyl alcohol 
or triple distilled acetone. 
these materials may be applied and the mirror blown dry with 
filtered dry air, dry nitrogen or a filtered warm air gun. 
During and after the cleaning operation, the surface 
A flushing wash of either of 
should be carefully scrutinized to determine if scratching or 
sleeking is being induced by the cleaning process. 
oxidized Si0 overcoat will withstand repeated cleaning if care, 
as noted above is exercised to preGent the inclusion of any 
abrasive particles during the operation. 
toweling, Kimwipes and other paper products should be avoided 
as they almost always contain some abrasive materials. Wiping 
should be accomplished from the reflective surface to the inner 
or outer edge in a circular motion. Care must be exercised not 
to drag any foreign particles or materials from the edges or 
back of the mirror into the mirror reflective surface during 
the cleaning operation, 
6.2.2 Storage 
Mirrors will be packed in boxes for transit with protective 
covering for dust protection, Mirrors in storage shall be 
protected from normal atmospheric fallout on the reflective 
surface at all times, If high humidity or situations promoting 
condensation are likely to occur during storage, the boxed or 
stored mirrors must be maintained in a position such that 
condensate will not collect on the mirror surface. A desiccant 
should be stored with the mirrors if prolonged storage in high 
humidity area is undertaken, 
to stand on the mirror surface, 
The highly 
Conventional paper 
Condensate shall not be allowed 
1. All plating defects whether they originate in the master or 
workmanship. Includes pinholes, protrusions, scratches (replicated and unique 
t o  the replica) and surface gray (due t o  slow master degradation). 
All vacuum coating defects where a significant reduction in the coating 
reflectivity is visible. This shal l  include discoloration, blistering, 
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Grid pa t te rns  t o  be applied by marking i n t o  the surface 
of each lens  as follows: 
Dwg, 30-018 Collector Lens: Mark Aspheric Surface 
Dwg. 31-111 Field Lens: Mark Plan Surface 
Dwg, 31-034 Collimator I: Mark Convex Surface 
Dwg, 31-035 Collimator 11: Mark 65,622 Radius Surface 
A l l  l i n e  widths w i l l  be .002 +,003 - .OOO, 
Optical centering of pa t te rn  ,0025". 
Length of Lines = ,200 ., ,?50" 
Grid t o  consis t  of  two (2) l i n e s  i n  a cross pat tern,  
90 2 15 min, perpendicularity,  0 
34 
2.3'0 Collector Alignment and Assembly (Drawing 614575) 
The following procedure outlines the method by which the collector assembly 
of the NASA Solar Simulator System will be aligned and assembled at EOS 
before shipment to Houston. 
: 1. Laser aod collimating lens, 
2, Projection screen. 
3. Laser stand 614588. 
4 ,  Stand, burner simulator 614592. 












Target screen 5-000. 
Post, Alignment, Burner Simulator 614594. 
Handling Carts. 
Optical Flat 614681. 
Handling Hoist. 
Point Source Rod 614682. 
Reticle Plates 614597 - 614683. 
Vane Assembly Locator Rod 614683. 
Light Source and Power Supply. 
Fixture, Reticle Alignment, Collector 614694. 
Throat Simulator 614599. 
17. Adapter, Burner Simulator 614695. 
18. Assembly and transport stand 614585. 
19. Vane alimment fixture 614684. 
Te s t Set -Up 
The equipment listed above w i l l  be installed at the EOS - 125 Vinedo 
facility in a manner similiar to the attached sketch. In addition the 
laser stand No. 614588 will have provision for rotation of the laser 
so it may be used on two (2) assembly and alignment ranges. The 
locations of the components critical to the-alignment are shobm on the 
sketch. 
Inspection - Accountability and Orientation -- This inspection will verify 
that the assembly operations have been performed according to the preceding 
process step, and show good workmanship, 
2.3.1 Issue Kit No. 1 - Collector Frame Subassembly. 
2.3.2 Accountability only. (Stores and Requestor). 
2.3.3 Place frame, Item 1 (30-OOl), on assembly stand with side without 
gussets turned up, and burner end, with the 9% diameter hole, facing 
to the right. 
2.3.4 Install three ( 3 )  flanges, Item 4 ( 3 0 - 0 0 6 ) ,  with flat face out, on 
burner end with nine (9) each screws and lockwashers, Items 14 and 15. 
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Tighten screws. 
2.3.5 Install three ( 3 )  flanges, Item 47 ( 3 0 - 0 5 0 ) ,  with flat face out, 
on throat end with nine ( 9 )  each screws, lockwashers and flatwachers, 
Item 1 7 ,  Item 1 3  and 15, Leave screws loose, i. e. S t o  one (1) 
turn short of snug. 
2.3.6 Install point, Item 21 ( 3 0 - 0 2 S ) ,  nut, Item 23 and ring, Item 4 8 ,  
in flange at approximately 9 o'clock position facing throat-end. 
Leave nut loose. 
2.3.7 Install in the two ( 2 )  remaining flanges two ( 2 )  points, Item 22 
( 3 0 - 0 2 7 ) ,  with nuts, Item 23.  Leave nuts loose. 
2.3.8 Install two ( 2 )  lower support tubes, Item 57 ( 3 0 - 0 5 9 ) ,  and two ( 2 )  
threaded plugs, Item 58  (30 -058 ,  using four ( 4 )  each screws and 
lockwashers, Items 55 and 56. Tighten screws holding plugs. Adjust 
tubes for close fit between end plates; do not deflect plates. 
Tighten screws in tubes. 
2.3.9 On the inside of the throat end install four ( 4 )  spacers, Item 3 
( 3 0 - 0 0 5 ) ,  using four ( 4 )  each screws and lockwashers, Items 15 and 1 6 .  
Tighten screws, 
2.3.10 Install fittings, Items 36 and 4-2 on cooling panel, Item 2 .  Apply 
varnish, Item 7 3  to pipe threads. Orient fittings per print. 
2.3.11 Install one (I) cooling panel, using two ( 2 )  screws, Item 1 3 ,  two ( 2 )  
screws, Item 14, and four ( 4 )  lockwashers, Item 1 5 .  Mount at 
positions approximately 2 & 5 o'clock facing burner end. 
screws. 
Tighten 
2.3.12 Q. C, Inspection and Accountability and Orientation only, per I1 #7056-0. 
2.3.13 Issue K i t  Xo. 2 - Mirror No. 2 Subassembly. 
2.3.14 Accountability only between stores and lab. 
2.3.15 Place mirror, Item 20 ( 6 1 4 5 7 7 ) ,  on assembly,fixture #614751. Do 
not touch airror face, 
I-_l_
2.3.16 Install three ( 3 )  jam nuts, Item 5 3  on three ( 3 )  studs, Item 59 
(614337-1 )  opposite slotted end,. 
2.3.17 Install three ( 3 )  alignment nuts, Item 6 4  (614332-7 ) .  Position end 
of each nut 5 / 8  inch from inirror back with hex toward slotted end of 
stud, 
2 - 3 - 1 8  Install studs Item 5 9 ,  jam nuts, Item 5 3  and alignment nuts, Item 64  
at 3 ,  7 and 11 o'clock with water port at 12 o'clock. 
snug i n  bottom thread. 
Turn stud until 
Tighten jam nut, 
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Install three ( 3 )  flange nuts, Item 62 ( 6 1 4 3 3 4 - 3 ) ,  one (1) 
on each alignment nut and position flange 1% inches from 
mirror back. 
Install reticle plate in mirror (614597-2 ,  614598-2 ) .  
Accountability and Orientation by assembler, 
Move mirror No. 2 and nine ( 9 )  each screws and washers, 
Item 13 and 1 5 ,  t o  frame subassembly area. 
Issue Kit No. 3 - Mirror No. 1 Subassembly. 
Accountability only, by lab personnel. 
Place mirror, Item 19 ( 6 1 4 3 3 1 ) ,  on assembly fixture 
f 6 1 4 7 5 1 ,  Do not touch mirror face. 
Install three ( 3 )  nuts, Item 5 4 ,  one (1) on each stud, 
opposite slotted end. 
Install three (3)  alignment nuts; Item 6 3  ( 6 1 4 3 3 2 - 3 ) .  Position 
end of each nut 3 / 4  inch from mirror back with hex toward 
slotted end of stud. 
2.3.32 Install alignment studs, Item 60 (614333-1) :  Bottom stud in 
casting and tighten jam nut, Item 54.  
2.3.33 Install three ( 3 )  flange n u t s ,  Item 6 1  ( 6 1 4 3 3 4 - l ) ,  one (1) 
on each alignment nut. Position flange 1 3 / 1 6  inch from 
mirror back. 
Install a 7/S" piece of copper tubing;Item 12 on nipple 
Item 7 8 ,  use solder Item 7 4 .  
Install a Union Swagelok elbow,Item 41,  on 7/8" long copper 
tubing and tighten turn only: 
2.3.34 
2.3.35 
2.3.36 Place an O-ring gasket, Item 6 6 ,  at the base o f  the straight 
threads of the nipple, Item 7 8 .  
2.3.37 Fit an eight (8) inch length of hose, Item 3 2 ,  with the assembly 
of step 2.3.36 on one (1) end and a Swagelok union elbow on the 
other, Item 4 1 .  Do not tighten fittings on hose. Prepare a 
long hose assembly per operations 2.3.38 and 2.3.39. 
NOTE: Paragraphs 2.3.21, 2.3.22, 2.3.23 and 2.3.24 deleted. 
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Assemble an 0-Ring, Item 66 ,  a nipple, Item 77 and a 
Swagelok elbow, Item 41. 
Fit a 26 inch length of hose, Item 32 ,  with the assembly 
of operation 2.3.38 on one (1 )  end, on other end assemble 
male elbow,Item 69 ,  
Connect hose assemblies t o  mirror. Orient elb 
rotating on copper tubing. 
threads in mirror ports. 
Install reticle plate in mirror (614597-1 )  (614598-1 )  
Accountability and Orientation check by assembler. 
Move mirror No. 1, two ( 2 )  hose assemblies, and nine ( 9 )  
each screws and lockwashers, Item 1 3  and 15 to frame 
subas senib 1 y . area. 
Issue Kit No. 4 - Vane Subassembly. 
Accountability only, by lab personnel.. 
Place vanes on bench elbows up, in this order: Item 5 
( 3 0 - 0 3 2 ) ,  Item 6 ( 3 0 - 0 3 3 )  and Item 7 ( 3 0 - 0 3 4 ) .  
Assemble mounting plates on vanes, two ( 2 )  Item 24 ( 3 0 - 0 3 5 )  
and one (1) Item 25 ( 3 0 - 0 3 6 ) ,  using six ( 6 )  each screws, 
washers and lockwashers, Item 14, 15 and 17 .  Leave screws 
loose. 
Do not tighten hose fittings. 
Do not tighten straight 
* 
Assemble two ( 2 )  each stand-off, Item 26 ( 3 0 - 0 3 7 )  and three 
( 3 )  each spacer, Item 27 ( 3 0 - 0 3 8 )  per stand-off on each 
mounting plate using two ( 2 )  each lockwashers and screws, 
Item 1 5  and 16.  Leave screws loose. 
Install metal hose assemblies, four ( 4 )  Item 8 ,  using 
varnish Item 73  on NPT threads. 
On the upper hose having a free end,-assemble two ( 2 )  each, elbows, 
Item 37,  one (I) nipple, Item 51, and one (1) hose coupling, 
Item 31. Use varnish, Item 7 3  on NPT threads. 
On the lower hose free end, assemble one (1) elbow, Item 50. 
Use varnish, Item 73.  
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2.3.52 
2.3.53 Move vane subassembly and f i x t u r e  wi th  s i x  ( 6 )  each  screws 
A c c o u n t a b i l i t y  and O r i e n t a t i o n  by assembler .  
and lockwashers,  I tems 1 5  and 16, one (1) suppor t  t ube ,  
I t e m  57 ( 3 0 - 0 5 9 ) ,  one (1) th readed  plug,  Item 58 ( 3 0 - 0 5 8 )  
and two ( 2 )  each screws and lockwashers,  Items 55 and 56 
t o  frame subassembly a r e a .  
2.3.54 Issue K i t  No. 5 - Lens Subassembly. 
2.3.55 A c c o u n t a b i l i t y ,  l a b  pe r sonne l ,  
2.3.56 I n s t a l l  t h r e e  ( 3 )  r e t a i n i n g  b locks ,  I t e m  44 (30-049) ,  on 
t h e  f l a t  s i d e  of  a l ignment  f l a n g e ,  I t e m  29 (30 -024) .  Use 
s i x  ( 6 )  each  screws and lockwashers,  Items 4 5  and 46. 
P o s i t i o n  b locks  t o  cover  t h e  3 / 8  diameter  h o l e s  i n  t h e  
f l a n g e ,  T igh ten  t h e  screws. 
2.3.57 I n s t a l l  t h r e e  ( 3 )  r e t a i n i n g  b locks ,  I t e m  4 3  ( 3 0 - 0 4 8 ) ,  on 
t h e  same s i d e  o f  t h e  f l a n g e ,  I t e m  2 9 ,  u s i n g  s i x  ( 6 )  each  
screws and  lockwashers,  Items 4 5  and 46, P o s i t i o n  t h e  b locks  
wi th  t h e i r  3 / 8  diameter  h o l e  toward t h e  c e n t e r  o f  t h e  
f l ange .  T igh ten  t h e  screws. 
2.3.58 J o i n  the assembly t o  t h e  a l ignment  r i n g ,  I t e m  28 ( 3 0 - 0 2 5 ) .  
Nest t h e  p i l o t  d iameter  o f  t h e  f l a n g e  i n t o  t h e  r i n g .  Or i en t  
t h e  p a r t s  t o  a l i g n  t h e  3 / 8  d i m e t e r  h o l e s  i n  both.  U s e  
t h r e e  ( 3 )  shou lde r  screws,Item 34. Screw i n  each screw 
t h r e e  ( 3 )  t u r n s .  
2.3.59 Assemble t h e  l e n s  s t r u c t u r e ,  I t e m  35 ( 3 0 - 0 4 3 ) ,  wi thou t  l e n s ,  
w i th  t h e  above assembly. Mate t h e  1/8 r a d i u s  edge o f  t h e  
s t r u c t u r e  r i n g  wi th  t h e  beve l  on t h e  a l ignment  f l a n g e .  J o i n  
wi th  t h r e e  (3 )  each screws and lockwashers,  Items 14 and 15. 
Do no t  t i g h t e n  screws. 
2.3.60 Screw t h r e e  ( 3 )  se t  screws, I t e m  7 6 ,  one (1) each  i n t o  t h r e e  
( 3 )  c lamps ,  I tem 30 ( 3 0 - 0 1 9 ) .  Screw head t o  be  away from 
notched  s i d e .  
2.3.61 I n s t a l l  Lens, 30-018,  wi th  s a f e t y  w i r e ,  I t e m  77.  
2.3.62 A c c o u n t a b i l i t y  and O r i e n t a t i o n  by l a b  personnel .  
2.3.63 Move l e n s  subassembly t o  c o l l e c t o r  a l ignment  f i x t u r e .  I n c l u d e  
t h e  t h r e e  ( 3 )  clamps, Item 30,  s i x  (6) each screws and lock-  
washers,  I tems 1 5  and 1 6  and t h r e e  ( 3 )  s p r i n g s ,  I t em 3 3 ( 3 0 - 0 4 2 ) .  
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- Install reticle plate in mirror No, 2 (614597-2)(614598-2) 
- Install reticle plates in mirror No. l(614597-1)(614598-1) 
2.3.81 Center No. 1 mirror reticle on laser beam by adjusting the 
nut flange mounts,Item 61 (614575) and torque the nine (9) 
cap screws,Item 13 (614575) to 75 inch pounds. 
Center No. 2 mirror reticle on laser beam by adjusting the 
nut flange mounts,Item 62 (614575) and torque all nine (9) 
cap screws$Item 16 (614575) to 75 inch pounds. 
plates, adjust the mirror,tilt alignment nuts, Item 64 (614575) 
t o  locate z axis position of 0.377" $.005" p l u s  alignment 
stand jaw simulator ref. dimension 4,460", to No. 2 mirror 




2.3.83 Install the point source rod fixture No. 614682, Adjust the 
rod projection from the simulated j a w  to be 0.794 f .005" to 
the B & L lamp filament. 
2.3.84 Adjust the tilt of the No. 1 mirror to symmetkically 
illuminate the I .D. of the No. 2 mirror using three (3)  
alignment nuts,Ftem 63, then by identical rotation of all 
three (3) alignment nuts position the No. 1 mirror axially 
as required to focus the mirror's projected image on the 
projection screen (projection screen is located 46.128 
from the simulated jaw of alignment stand No. 614592). 
.loo'' 
2-3-85 Center the focused image on the laser beam at the projection 
screen by adjusting the alignment nuts31tem 64 on the No. 2 
mirror, 
2.3.87 Remove point source rod No. 614682 and install vane assembly 
alignment No. 614684 on alignment r o d  and slide on the rod 
to almost touch the Xo. mirror. 
NOTE: Paragraph 2.3.86 deleted 







Slide vane subassemblies,Items No. 5, 6 and 7 of  Drawing 614575 
into contact with vane alignment fixture and then tighten twelve 
( 1 2 )  each cap screws,Items 14 and 16, 
Remove vane assembly alignment fixture No. 614684 and vane 
alignment rod Eo, 614683, then install point source rod No. 614682. 
Install two ( 2 )  lower clamps,Item 30 using four ( 4 )  screws 
and lockwashers, Items 15 and 16, 
Item 33 in 3 / 8  diameter holes of  alignment ring,Item 28 and 
alignment plate, Item 29. Install lens assembly using the 
remaining clamps and screws arid Lockwashers. With screw 
Loose, rotate so that one (1) vane is verticle below the 
horizontal centerline on the front of the collector assembly. 
Snug the three ( 3 )  mounting clamps, Item 30. 
Center the lens reticle in the laser beam, using set screws, 
Item 76 in each of  three ( 3 )  assembly mounting clamps,Item 30. 
Then torque mounting clip retainer screws,Itek 16 to 75 inch 
pounds, 
Adjust the tilt of the collector lens until the projected 
laser image from the f r o n t  
back on a target screen and centered, This adjustment is made 
using the three (3) adjusting screwsrItem 16 in retainer block, 
Item 43 (614575, 
Set the dimension between the vertex of the collector lens 
and the simulated jaw reference' to be 8.141 f .005" using adjustmenl 
screws,Item 34 in retainer blocks No. 44. Move all three (3) 
screm equzlly and check autocollimAtion of the lens, adjust as 
Install three ( 3 )  springs, 
L_- - - - 
sarface is autocollimated ~- 
required . 
__ _._ - 
2.3.95 Install Throat Simulator Fixture No. 614599 on front of 
collector assembly. .Move fixture up or down until the reticle 
of the fixture optical flat is centered on the laser and the 
level on the fixture indicates level within one line, then 
torque all collector flange screws, Item 14 to 75 inch pounds. 
2.3.96 Adjust the projection of  the point alignment pins, Item 21 and 
Item 22 until the spacing between the vertex of the collector 
lens and the fixture center rod is 5,442" .005. 
_I_ NOTE: 2.3.90 deleted 
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o p t i c a l  f l a t  r e t i c l e  of t h e  f i x t u r e  and then  a d j u s t  t h e  
a l ignment  p o i n t s  u n t i l  a u t o c o l l i m a t i o n  i s  o b t a i n e d  on t h e  
t a r g e t  s c r e e n ,  Recheck t h e  dimension o f  5.442" 2 .005. 
Remove t h e  t h r o a t  s i m u l a t o r  f i x t u r e  No. 614599 from t h e  
c o l l e c t o r  assembly. 
Opera te  t h e  p o i n t  sou rce  l i g h t  and obse rve  t h e  f l a s h  on 
t h e  t a r g e t  screen.  
a l i g n e d ,  a l l  o f  t h e  l i g h t  f l a s h  from t h e  sys t em w i l l  be 
l o c a t e d  symmetr ica l ly  about  t h e  marked zones on t h e  t a r g e t  
When t h e  c o l l e c t o r  assembly i s  p r o p e r l y  
s c r e e n  12 '  from t h e  f a c e  o f  t h e  c o l l e c t o r  assembly. I f  t h e  
f l a s h  from t h e  r e f l e c t i v e  and r e f r a c t i v e  p o r t i o n s  a r e  no t  
symmetr ica l ,  a d j u s t  t h e  t i l t  of t h e  l e n s  t o  o b t a i n  symmetry.  
Repeat Paragraphs  2.3.92 and 2.3.94. Document t h e  alignment 
w i t h  two (2) each 4 x 5 P o l a r o i d  photos  of  t h e  a l i g n e d  
p r o j e c t e d  image on t h e  t a r g e t  (5-000). Record on t h e  photos  
t h e  exposure  t i m e ,  f number, d a t e  and assembly s e r i a l  number. 
Loca te  camera l e n s ,  laser beam h igh ,  and c e n t e r  t h e  l e n s  8" 
l e f t  o f  t h e  l a s e r ,  a t  t h e  f o c a l  p o i n t  of  t h e  c o l l e c t o r  box. 
- NOTE: Due t o  l e n s  t o l e r a n c e s ,  a u t o c o l l i m a t i o n  from t h e  r e t i c l e  
may n o t  produce optimum alignment.  
I s s u e  K i t  No, 6 
A c c o u n t a b i l i t y  by s t o r e s  and l a b  personnel .  
Neasure and r e c o r d  l e n g t h  between frame ends a d j a c e n t  t o  
upper suppor t  tube.  Remove suppor t  tube.  
I n s t a l l  upper c o o l i n g  pane l ,  I t e m  2 (30-002), u s i n g  two (2)  
screws, Item 16, e i g h t  (8) screws, Item 14, and t e n  ( 1 0 )  
lockwashers,  I t e m  15, s i x  (6) n u t s ,  Item 18,  twelve  (12) 
washers,  I t e m  17 .  T igh ten  screws. 
I n s t a l l  elbow, I t e m  69 on t h r o a t  s i d e  of  u p p e r  c o o l i n g  pane l ,  
Use v a r n i s h ,  I t e m  73, Connect hose  assembly from Eo. 1 m i r r o r  
t o  Item 6 9 ,  
I n s t a l l  elbow, I t e m  10 on burner  s i d e  of  upper c o o l i n g  panel .  
Use v a r n i s h ,  I tem 73. Or i en t  elbow p o i n t i n g  up  and i n s t a l l  
two (2)  i n c h  l e n g t h  o f  5/8 0 ,  D, copper tube,  I tem 1 2 ,  t e e ,  
I t e m  38, and a two (2)  i n c h  and f o u r  ( 4 )  inch l e n g t h  of  tube .  
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U s e  s o l d e r ,  I t e m  74 and o r i e n t  p e r  p r i n t .  I n s t a l l  bu rne r  
connec to r  nu t ,  I t e m  70 and f r o n t  and rear f e r r u l e s ,  I tems  
7 1  and 72. 
Pre-assemble two (2)  each  two (2)  i nch ,  one (I) each  43 inch. 
One (1) each 9% inch  5/8 0, D. copper tube ,  I t e m  12, t h r e e  (3) 
elbows, I tems  l I * w i t h  s o l d e r ,  I t e m  74 p e r  p r i  . I n s t a l l  between 
m a l e  connec to r ,  I t e m  42 on t h e  t h r o a t  s i d e  o f  t h e  lower shroud and 
the tub ing  on t h e  upper shroud. Use union ,  I t e m  39 t o  connect t h e  
tubes .  
I n s t a l l  on t h e  s t reet  elbow I t e m  36, one (1) n i p p l e  I t e m  9,  
one (1) elbow I tem 37,  and one (1) coup l ing  I t e m  31. Use 
v a r n i s h  Item 7 3  and o r i e n t  t o  p r i n t ,  
P l a c e  a n  O-Ring g a s k e t ,  I t e m  66, a t  t h e  b a s e  o f  t h e  s t r a i g h t  
t h r e a d s  of a n i p p l e  I t em 79. 
I n s t a l l  a 1 5/23'' p i e c e  o f  copper t u b i n g  I t e m  12, on t h e  
n i p p l e ,  I tem 79. Use s o l d e r  I t e m  74. 
I n s t a l l  a union  Swagelok elbow, Item 41, on - the  1 5/8" long 
copper t u b i n g  and t i g h t e n  5 t u r n  only.  
I n s t a l l  t h e  assembly (Reference  2.3.107 - 2.3-109) i n  t h e  lower 
p o r t  o f  t h e  No ,  2 m i r r o r ,  I t e m  20, R e t a i n  t h e  AI f i t t i n g ,  
I t e m  79, w h i l e  t i g h t e n i n g  t h e  assembly t o  t h e  c o r r e c t  p o s i t i o n .  
I n s t a l l  a 15 i n c h  l e n g t h  o f  hose,  I t e m  32 ,  i n  t h e  Saagelok 
elbow, I t e m  41, 
Repeat s t e p s  2.3.107 - 2.3.109. 
I n s t a l l  t h e  assembly (Reference  2.3,107 - 2.3.109) i n  t h e  u p p e r  
p o r t  o f  t h e  No, 2 m i r r o r ,  I t e m  20. R e t a i n  t h e  AN f i t t i n g ,  I t e m  79, 














I n s t a l l  a 12 i n c h  l e n g t h  o f  hose,  I t e m  32 i n  t h e  Swagelok elbow, 
I t e m  41 (uppe r  free end vane assembly p i p i n g ) .  
I n s t a l l  a two (2) i n c h  l e n g t h  of  5/8 0.D. copper t u b e  Item 1 2  i n  
the elbow, I t e m  50 ( lower f r e e ' e n d  vane assembly p i p i n g ) .  Use 
s o l d e r  I t e m  74. 
I n s t a l l  a t e e ,  I t e m  38, and a seven  (7)  i n c h  l e n g t h  of tube 
I t e m  12, o r i e n t  p e r  p r i n t ,  u s e  s o l d e r  I tem 74. On t h e  f r e e  end 
of Item 1 2  i n s t a l l  a bu rne r  c o l l e c t o r  n u t  I t e m  70,and a f r o n t  
and  r e a r  f e r r u l e  Items 7 1  and 72.  
I n s t a l l  and o r i e n t  t o  p r i n t  a 204 i n c h ,  a 19 3/4 i n c h  and  i? 15 i n c h  
l e n g t h  of tube  Item 1 2 ,  u s i n g  two ( 2 )  elbows, I tem 11. Use s o l d e r  
I t e m  74, Connect t u b e  t o  union elbow I t e m  41 and t i .ghten f i t t i n g s .  
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Rt.visc?d 19 Jnnuary 1967 
lock the aligrimcgt nuts. 
point source image on the target and correct if required. 
Recheck - _  the centralization of the focused 
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Install three (3) each alignment studs, Item 7 (614337 -3) 
in! three (3) alignment nuts, Item 6 (614332 -5). Use 
blykote, Item 49 on items six and seven, Project unslotted 
end of stud 1 3/16 inches out from the nut hex end. Install 
one (1) each of  three (3) jam nuts, Item 10, about 5/8 inch from the 
uncut end of each stud. Alignment studs, nuts and jam nuts are 
called out on Drawing 614570. 
Lrastafl the alignment assemblies in the lens mount. Orient 
with nut hex toward small lens end, and projecting 3/8 inch 
from casting. 
Mount lens No. 1, Item 3 (31-034). Use four (4) each screws 
and washers Items 5 and 7. 
upsetting 
Tighten screws carefully until washers are snug against lens. 
Reference Drawlng No, 614569. 
Mount lens No. 2, Item 4 (31-035). Use retainer ring, 
Item 2 (6143361, and three (3) each screws and washers, 
Items 6 and 7 {Ref. Drawing No. 614569). 
Mount mirror No, 3, Item 2 (614576), called out on Drawing 
No, 614570). Screw alignment studs about 1/2 inch into 
mirror casting in small increments. Tighten jam nuts. Orient 
mirror t o  casting per section E-E. Install mirror retainer 
clips 614579, 
Accountability and orientation. 
Move lens assembly, with mirror to collimator assembly area. 
Include Drawing 614570 Items: one (1) each support arms, 
Item 26 (31-019), Item 27 (31-017-2), and Item 28 (31-017); 
three (3) inserts, Item 14 (31-016); three (3) nuts, Item 29; 
three (3) screws, Item 35 and Loctite, Item 48. 
Position lens assembly on the support stand, 614.586. 
Position the lens assembly to-autocollimate the laser beam 
from the reticle of the Ho. 2 collimator lens and a t  t h e  
same time adjust the z axis dimension from the field l e n s  
to the No, 1 collimator lens to 31,786 + - ,005 inches. 
Install support arm subassemblies, $terns 26, 27 and 28, and 
radius collimator support vane slots for clearance o f  I-'' tubing, 
Use six (6) each screws, nuts and lockwashers, Itcas 2 3 ,  ?!+ and 25 
on the collimator support, and six (6) each Items 17, asci 25 on  
the lens assembly bracket. Tighten finger tight 091:;. ::'iCh the 
lens asscmbly aligned install s i x  (6j each shims, I C . : .  :+b 
Modify the washers by cutting and/or 
to provide proper clearance and clamping action. 
59 
(31-059) ,  at the brackets and collimator support as required, 
2.4.23 Install three ( 3 )  each inserts, Item 14 (31 -016) ,  use Loctite . -  
Item 48. Install loosely into the inserts three ( 3 )  each 
screws and locknuts, Items 35 and 29. 
2.4.24 Issue Kit No, 9 - Tube and Fittings. 
2.4.25 Inspection - Accountability, 
2.4.26 Install all remaining tubing and fittings, Include one (1) 
Item 38 Ferulok elbow and three ( 3 )  item 37 Ferulok couplings; 
-- Do not Tighten fittings into mirror ports, one (1) Item 13,  
one (1) Item 22, one (1) Item 32, one (1) Item 33,  two (2) 
Item 36 and one (1) Item 43.  Tubing on these items and 
items 26,  27 and 28 may be cut to fit. Solder all joints 
for vacuum service using Item 34. 
2.4.27 Tighten previously installed nuts and cap screws uniformily 
being careful not to change the alignment, Tighten twelve (12) 
nuts, Item 24, to sixteen ( 1 6 )  foot pounds torque and the six ( 6 )  
screws, Item 1 2 ,  to 96 inch pounds, Bottom screws, Item 35, and 
tighten locknuts, Item 29, 
2.4.28 Remove lens assembly support stand, Use adjustment screws, 
Item 35,  as required to correct small alignment errors due to 
deflection of the support arms, The center of the autacollimated 
image from the reticle of the #2 lens must fall within a 0.400 inch 
diameter circle concentric' with the laser beam on the projection 
screen, 
2.4-29 Position the No, 3 mirror to obtain a dimension of 30.517 t .005 
inches between the vertex of the field lens and plane of the No. 3 
mirror center hole, Adjust by turning alignment nuts, Item 6 ,  
uniformly in small increments, Install fixture No, 614589 
in the assembly stand behind the field lens. Adjust z axis 
dimension from the field lens to bulb envelope to 8.680 2 .020, 
Energize the lamp with 2,O volts D, C, Adjust the tilt of the 
No, 3 mirror using the alignment nuts until the projected Light 
pattern is centered on the laser beam as viewed on projection 
screen. Recheck the 30.517 I + .005 dimension, Witness by Q. A. 
2.4.30 Document the alignment with two (2) each 4 x 5 Polaroid photos 
of the aligned projected image on the target 5-000. Record on 
the photos the expose time, f number, date and assembly serial 
number , 
60 
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2,4,32 
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2,5,0 Throat  Assembly (Drawing 31-100) 
The fo1I.owing procedure  o u t l i n e s  t h e  assembly o f  t h e  t h r o a t  assembly 
exc lud ing  t h e  f i e l d  l e n s ,  
i n s t a l l a t i o n  and no a l ignment  w i l l  be  r e q u i r e d ,  
EQUIPPIENT REQUIRED: 1, Handling h o i s t .  
T h i s  u n i t  w i l l  be  sh ipped  r eady  f o r  
2, Torque wrenches. 
I n s p e c t i o n  f o r  a c c o u n t a b i l i t y  and o r i e n t a t i o n ,  Th i s  i n s p e c t i o n  w i l l  
v e r i f y  t h a t  t h e  assembly o p e r a t i o n s  have  been performed accord ing  t o  
t h e  proceding  p r o c e s s  s t e p s ,  and show good workmanship. 
2.5.1 Issue K i t  No. 10. 
2.5.2 I n s t a l l  two (2)  a l ignment  s o c k e t s ,  Items 22 and 23 (31-100) 
u s i n g  e i g h t  (8) screws, e i g h t  (8) lockwashers,  and e i g h t  (8) 
f l a t w a s h e r s ,  I tems  27, 28 and 29. O r i e n t  t o  p r i n t  and 
t o r q u e  screws t o  75 i n c h  pounds. 
2.5.3 I n s t a l l  Items 25, 26 and 24 (31-100) u s i n g  f o u r  (4) screws 
and f o u r  (4) lockwashers I tems  27 and 28. . O r i e n t  t o  p r i n t  
and t o r q u e  screws t o  75  i n c h  pounds. 
2,5,4 I n s t a l l  i n t e n s i t y  c o n t r o l  s enso r  w i r i n g  (Me 0, 3002) from 
I t e m  23 (31-101) t o  t h e  c-bored h o l e  zone 7B (31-102). 
Thread t h e  w i r e  through t h e  r i n g  s e a l  I t em 6 (31-101) 
and through t h e  . i 2  i n c h  h o l e  zone 8 C  (31-1.01). Use I t e m  32 
(31-100) t o  seal  wire at t h e s e  p o i n t s .  
2.5.5 I n s t a l l  connec tor  Item 10 i n  t h e  c-bored h o l e  zone 7B (31-102) and 
s o l d e r  w i r e  from p i n  A o f  s o c k e t  614685 t o  socke t  A o f  I tem 10. 
So lde r  w i r e  from p i n  B o f  socke t  614685 t o  socke t  B of  I t e m  10. 
On t h e  compression f i t t i n g  a t  nozze l  end of  t h r o a t  a t t a c h  a 
bag c o n t a i n i n g  12 each Item 30 modi f ied  by 614566 and 1 2  each 
I t e m  15, 
2.5.6 
2.5.7 I n s p e c t i o n  €or  a c c o u n t a b i l i t y  and o r i e n t a t i o n .  
68 
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2,6,0 Iris Support Assembly 
The following procedure outlines the assembly of the iris support 
assembly, This unit w i l l  be shipped ready for the installation 
of the iris subassembly and no alignment will be required, 
Inspection for accountability and orientation, 
will verify that the assembly operations have been performed 
according to the proceeding process steps, and show good workman- 
ship. 
2.6-1 Issue Kit No, 11, 
2.6.2 Install cable subassembly M. 0. 3001, Install connector 
This i 
in hole in base of Item 3, and orient per print 31-115, 
Inspection for accountability and orientation, 2.6.3 
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INSPECTION TEST PLAN 
70 5 6 -Final 
INSPECTIOR PLAN 
(Amendment No. 4) 
ELECTRO-01TICAL SYSTWS, INC, 
300 N. Iialstead 
Pasadena, California 
60 OPTICAL TRAIN ASSEMBLIES 
Contract No. NAS9-5805 
31 March 1967 
.Appltoved b 
1.6 
1.7 12 Control of Pro rces 
1.8 15 Government Furnished Property (GFP) 
1.9 17 . Identification, Handling, and Storage of Material 
1.10 18 Control of Raw Materials 
1.11 19 Inspections and Tests 
1.11.1 Page 19 Source Inspection 
1.11.2 20 Receiving Inspection 
1.11.3 , , 20 First Article Inspection 
1.11.4 20 In-Process Inspection 
? .I.; .5* 1.-11;4.1 Page 22 D C I _ ~ L C ~ ~  
* 1.11.4.2 . 
* 1.11.4.3 35 , Delefe'd::; 
Inspection Instructions for Collector 
-. 
1.11 . 4.4. 44 
f1.11.4.5 * 54 Del$.te'b-l 
nce Test Plan 
1 Revised 12-i&-66 
'1.11.4.21 . Check L i s t  C o 11 i s1.a t or  
1.11.4.22 I 142 Insp. Check L i s t  f o r  Throat 
1 ' , I  
. . *  i.ii.4. 144 ns C .  
' 1.12 Page 147 -Process Cqntrol  
1.13 153 Nonconfoking Articles 




1, Page 20 and 21 Asteric Subparagraph 1.11.4.1, 1 ,11,4,2,  1.11.4.3, 
1.11.4.5, 1.11.4.6, 1.11.4.7., 1.11.4.9, 1.11.4.10, 
1.11.4.11, 1.11.4.13, 1.11.4.14, 1.11.4.15, 1.11.4.18, 
Add: 
T e s t  Plan:' 
%ee c u r r e n t  r e v i s i o n  o f  P roduc t ion  and Acceptance 
. 2, Delete pages 22 through 4 3 .  
3. Delete pages 54 through 66. 
4. Delete pages 75 th rough 84. 
5.  Delete pages 89  through 119. 
6. Delete pages 148 through 152. 
7, Page 6 Delete reference t o  paragraph  2.3.90.. Delete 
'reference t o  paragraph  2.3.97 and s u b s t i t u t e  2.3.92. 
8. Page 45 Change 2.3.3. t o  2.3.4. 
9, Page 46 Change paragraph  1.0 t o  read:  EOS I n s p e c t o r  t o  witness.  
assembly o p e r a t i o n s  2.3.80 through 2.3.85, 2.3.87 
through 2.3.89 and v e r i f y  t h a t  t hey  are performed 
a c c o r d i n g  t o  the C o l l e c t o r  Assembly Procedure.  Use 
c o l l e c t o r  check l i s t  t 6  r e c o r d  i n s p e c t i o n .  
10, Page 46 
11, Page 47 
22. Page 47 
13. Page 48 
Add paragraph  2.1 
2.1 V e r i f y  p re sence  of  good workmanship, 
Change paragraph  1.0 t o  r ead :  ,- EOS.Inspector t o  w i t n e s s  
assembly s t e p s  2.3.92 through 2.3.98 and v e r i f y  t h a t  t h e y  
were performed accord ing  ' t o  t h e  C o l l e c t o r  Assembly 
Procedure ,  Use c o l l e c t o r  check l i s t  to r e c o r d  i n s p e c t i o n .  
Add paragraph  2.1 
2.1 V e r i f y  p re sence  o f  good workmanship 
Change paragraph  1.0 t o  read:  EOS I n s p e c t o r  t o  v e r i f y  - 
Revised 14 December 1966 
1 
. that assembly tions 2.3.16 th 
14. 13 
. .  
15, Page 1% Change 1 of 5 to 1 of 7. 
16. Delete Pages Substitute revised collector check list dated 7 December 1966, 
135, 136, 137, revised page numbers to be 135, 136, 137, 138, 138A and 138B. 
138 
17. Delete Page 1 "Table of Contents" and replace with-"Table of Contents" 





, .  
22, Delete 
Inspection check list for bonding. Pages 159, 160 and 161, 
Inspection check list'for.cleaning. Pages 162 and 163. 
'I1 #7056-17 Page 130 and substitute 
I1 #7056-17 Revision A, dated 1 November 1966 . 
I1 #7056-18 Page 131 and substitute 
11 #7056-18 Revision'A, dated 1 November 1966 
Inspection Traveler Page 127 and substitute Inspection 
Revised 14 December 1966 
2 
Appendix Contents 
Inspect ion Plan 
Page Numbers 
135 through 138B Revised Collector Check List 
1, 1A 
159 through 161 
162 through 163 
130 
Revised Table of Contents 
Inspection Check List for Bonding 
Inspection Check List for Cleaning 
Rev'ised I1 #7056-17 Cleaning, Revision A 
131 
127 
Revised I1 #7056-18 Bonding, Revision A 
Revised Inspection Traveler, Revision A 
1 . I  Revis ion Index 
Rev i s  i o n  
O r  i g  ina  1 
R e v i s i o n  1 
D a t e  -
May 13, 196G 
September 2 2 ,  1966 
2 
1 I 2 I n t r o d u c t i o n  
Th i s  document d e s c r i b e s  t h e  O u a l i t y  Assurance Program which 
E l e c t r o - O p t i c a l  Systems, I n c .  w i l l  implement du r ing  t h e  pro- 
d u c t i o n  and t e s t i n g  o f  t h e  0 1 t i c a l  T r a i n  Program, I t  i s  
in t ended  t o  be i n  compliance w i t h  t he  r equ i r emen t s  o f :  
A .  
B .  USA P u b l i c a t i o n  KPC 200-3, I n s p e c t i o n  System Notes ,  n o t  da t ed  
6. EOS Product  Assurance Manual, Volume 1, P u a l i t y ,  da t ed  
NASA P u b l i c a t i o n  NPC 200-3, d a t e d  A p r i l  1 
Oc tobe r  1963 
D. NASA P u b l i c a t i o n  RA-001-008-1, P r e p a r a t i o n  of  S u p p l i e r  
I n s p e c t i o n  P l a n ,  da t ed  J a n u a r y  1966 
E .  O p t i c a l  T r a i n  Assembly, C o n t r a c t  KAS 9-5805, da t ed  March 16, 1966 
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1.5 I n s p e c t i o n  Manual o r  P rocedures  
Paragraph 1.6 throui:h 1.19 a r e  t h e  procedures  f o r  t h e  o p e r a t i o n  o f  
. t he  i n s p e c t i o n  system, 
1.6 Drawing and Change C o n t r o l  
A drawing and change c o n t r o l  system p rov id ing  f o r  c o n t r o l l e d  d i s t r i b u t i o n ,  
u sage ,  and removal o f  c o n t r o l  documents and changes is  maintained by t h e  
Document C o n t r o l  C l e r k  i n  t h e  program o f f i c e .  Drawing r e c o r d  c a r d s  
i t e m i z e  t h e  s t a t u s  o f  each drawing and a Drawing D i s t r i b u t i o n  Record 
i n d i c a t e s  t h e  p o i n t s  o f  d i s p e n s a t i o n .  
Procedures  f o r  making drawing changes a r e  o u t l i n e d  i n  t h e  Design and 
D r a f t i n g  Manual which i s  an i n t e g r a l  p a r t  o f  t h e  Corporate  P o l i c y  and 
Procedures  o f  E l e c t r o - O p t i c a l  Systems, I n c .  
When a n  Aclvance Document Change Notice i s  inaugura t ed ,  t h e  Q u a l i t y  
Assurance (or  I n s p e c t i o n  o f f i c e )  r e c e i v e s  a copy and a t t a c h e s  i t  t o  t h e  
p r i n t .  U n t i l  t h e  change n o t i c e  i s  recorded on the  drawing and new 
p r i n t s  d i s t r i b u t e d ,  t h e  n o t i c e  becomes p a r t  of t h e  drawing. 
1.7 Con t ro l  o f  P7 ocurernent Sources  
I_ 
1 .7 ,1  Maintenance of' Record-Tt_- t e s t s  and I n s p e c t i o n s  Performed a t  t h e  
Source 
S u p p l i e r s  f o r  major i tems ( those  i tems l i s t e d  i n  1.7.3 w i l l  be 
r e q u i r e d  t o  m a i n t a i n  complete r e c o r d s  o f  a l l  i n s p e c t i o n  e f f o r t s  
performed. 
1 .7 .2  Source I n s p e c t i o n  a s  Required 
The name o f  t h e  s u p p l i e r ,  i tem and t h e  deg ree  t o  which source  
i n s p e c t i o n  w i l l  b e  conducted i s  i n d i c a t e d  below: 
S u p p l i e r  I tem Degree of Source I n s p e c t i o n  
Applied O p t i c s  31-035 100% i n s  pec t i o n  
and Mechanics 31-111 1 @@% i n s p e c t  i on  
Pennsylvania  '31-034 100% i n spec  t i o n  
O p t i c a l  Co. 30-013 100% i n s p e c t i o n  
Coast  Metal  C r a f t  31-100 100% i n s p e c t i o n  on t h e  copp le t ed  
a s s entb 1 i e s t o  c r i t i c a 1 d hien s i. o n s 
and f i r s t  a r t i c l e  e v a l u a t i o n  on 
one each o f  t h e  p a r t s .  
E:OTE: Pennsylvania  O r t i c a l  Co, g l a s s  will  be in spec ted  a t  
EOS o r  AOPI us ing A014 t e s t  p l a t e s  . 
12 
1 . 7 . 2  (cont inued)  
1.7.3 
S u p p l i e r  I tem Degree of Source I n s p e c t i o n  
Aerolab 30- 001- 1 F i r s t  A r t i c l e  
* 30-001-2 F i r s t  A r t i c l e  
.- 
Phoenix Aluminum 614320 F irs t A r t  i c  1 e 
and Magnesium Co. 
E & H P r e c i s i o n  30- 02 1 F i r s t  A r t i c l e  
Tool  & D i e  Co. 30-022 F i r s  t A r t  ic  1 e 
30-023 F i r s t  A r t i c l e  
P o l i c y  0-3-A o f  t h e  EOS Product Assurance Hanual d e s c r i b e s  t h e  pro- 
cedure  t h a t  w i l l  be implenented f o r  conduc t ing  s o u r c e  i n s p e c t i o n  and 
i l l u s t r a t e s  t h e  SoTrce I n s p e c t i o n  t a g  which w i l l  accompany m a t e r i a l  
accep ted  a t  t h e  s o u r c e .  
Upon r e c e i p t  o f  m a t e r i a l  which has  been accep ted  a t  t h e  s o u r c e  by a n  
EOS Source I n s p e c t o r ,  a s  i l l u s t r a t e d  by an accep tance  stamp i n  t h e  
i n d i c a t e d  space  on t h e  Source I n s p e c t i o n  t a g ,  a check f o r  i d e n t i f i c a -  
t i o n  and damage d u r i n g  shipment w i l l  be conducted by Receiving 
I n s p e c t i o n .  I f  t h e  i tems a r e  s t i l l  a c c e p t a b l e ,  t h e  Receiving 
I n s p e c t o r ’ s  stamp w i l l  be a g a i n  placed upon t h e  Source I n s p e c t i o n  
t a g .  T h e  accep ted  m a t e r i a l  will then be shipped t o  S t o r e s .  
Con t ro l  of Purchase Orders  - , I n c l u d i n g  P u a l i t y  Assurance Review _- 
o r  Approval 
The purchase o r d e r s  f o r  t he  major p a r t s  w i l l  c o n t a i n  t h e  fo l lowing  
C.A, r equ i r emen t s :  
(a) EOS t o  perform r e c e i v i n g  i n s p e c t i o n  t o  drawing and s p e c i f i c a t i o n  
r equ i r emen t s .  
(b) C e r t i f i c a t e  o f  Compliance r e q u i r e d  from vendor 
:c) T h i s  S t a  tenient : 
Complete r e c o r d s  o f  a l l  i n s p e c t i o n  e f f o r t s  performed s h a l l  be 
ma in ta ined  and made a v a i l a b l e  t o  EOS/or t h e  Government r e p r e s e n t a -  
t i v e .  These r e c o r d s  w i l l  s u b s t a n t i a t e  conformance v i t h  a l l  
i n s p e c t i o n  and tes t  r equ i r emen t s  n e c c s s a r y  t o  a s s u r e  compliance 
w i t h  t h e  purchase o r d e r  r equ i r emen t s .  Vendor i n s p e c t i o n  e5ui.p- 
mcnt t o  be t r a c e a b l e  t o  N a t i o n a l  Bureau o f  S t a n d a r d s .  P o s i t i v e  
methods of  s e g r e g a t i o n  of nonconforminz m a t e r i a l  s h a l l  be  
u t i l i z e d .  The Governntnt and /o r  EOS r e s e r v e s  t h e  r i g h t  t o  
i n s p e c t  and t e s t  any o r  a 1 1  o f  t h e  m a t e r i a l s  included i n  this 
o r d e r  a t  t he  s l l p p l i e r s  p l a n t .  
33 
1.7.3 (continued; 












































The purchase o r d e r s  f o r  t h e  remainder  o f  t h e  p a r t s  w i l l  c o n t a i n  
t h e  fo l lowing  r equ i r emen t s :  
(a) EOS t o  perform r e c e i v i n g  i n s p e c t i o n  t o  drawing and s p c c i f i -  
c a t i o n  r equ i r emen t s  o r  check f o r  i d e n t i t y  and damage ( a s  
a p p l i c a b l e .  
(b) C e r t i f i c a t e  o f  Compliance r e q u i r e d  from 'vendor. 
1.7.4 C o r r e c t i v e  Ac t ion  A t  Source  
The fo l lowing  c o r r e c t i v e  a c t i o n s  w i l l  be taken w i t h  vendors who 
supp ly  d i s c r e p a n t  i t ems :  
(a} M a t e r i a l  w i l l  be r e t u r n e d  t o  t h e  vendor f o r  rework t o  
s p e c i f i c a t i o n  and drawing r equ i r emen t s  .* 
(b)  A C o r r e c t i v e  Act ion R e q u e s t  l e t t e r  (CAR) will be s e n t  t o  
t h e  vendor .  The CAR l i t t e r  w i l l  show t h e  d e t a i l s  o f  t h e  
problem (number of  u n i t s  o f  p roduc t ,  number of shipments ,  
number o f  d e f e c t i v e  u n i t s ,  d e s c r i p t i o n  of  t h e  d e f e c t s ,  e t c  .) 
a s  a p p l i c a b l e ) ,  and r e q u e s t  a r e p l y  from t h e  vendor w i t h i n  
1 5  working days.  I f  t h e  vendor f a i l s  t o  respond t o  t h e  
CAR w i t h i n  t h e  a l l o t t e d  t ime o r  h i s  c o r r e c t i v e  a c t i o n  rccom- 
mendation i s  no t  a c c e p t a b l e  he w i l l  be disapproved a s  an  
EOS vendor .  
1 - 7 . 5  Vendor S e l e c t i o n ,  Such a s  n u a l i t y  H i s t o r y ,  P r e f e r r e d  P a r t s ,  e t c .  
Vendors f o r  major p a r t s  w i l l  be  q u a l i f i e d  and seLec ted  f o r  use on 
t h i s  program i n  &e o f  t h e  fo l lowing  ways: 
( a )  E v a l u a t i o n  o f  t h e  ve rdor  performance on p a s t  programs b y  
means of t h e  S u p p l i e r  H i s t o r y  Cards (Po l i cy  0-3-C o f  t h e  
EOS PAN). 
( h )  Vendor Surveys (Po l i cy  0-12 o f  t h e  EOS PAPI). 
14 
* I f  t h e  m a t e r i a l  i s  bought  by t h e  K c i t e r i a l  Rt,view 3n,ircl i t  w i l l  Rot 5c 
rc turr)cd  t o  the vc'ndor, h i : t  3 Correc t i v t  A t i . ) v  RcquesL  wi 1 1  be s r : i t .  
1.7.6 Government Source I n s p e c t i o n  Purchase Order S ta t emen t s  
(KPC 200-3, Paragraph 3 .3 )  
Purchase Orde r s  w i l l  be p re sen ted  t o  t h e  r e s i d e n t  government 
r e p r e s e n t a t i v e  i n  o r d e r  t h a t  he may determine the need f o r  Govern- 
ment Source I n s p e c t i o n .  The Purchase Orders .  f o r  t h e  major p a r t s  
l i s t e d  i n  paragraph 7.2C w i l l  c o n t a i n  t h e  fo l lowing  s t a t emen t :  
"The Government and /o r  EOS r e s e r v e s  the  r i g h t  t o  
i n s p e c t  a n d . t e s t  any o r  a l l  o f  t h e  m a t e r i a l s  
i nc luded  i n  t h i s  o r d e r  a t  t h e  s c p p l i e r s  p l a n t . "  
1.8 Government Furn i shed  P r o p e r t y  (GFP) 
A l l  Government f u r n i s h e d  equipment, upon r e c e i p t ,  w i l l  be i n s p e c t e d  f o r  
i d e n t i f i c a t i o n  and damage. I n  t h e  event  damage o r  i nope rab le  equipment 
is found, a r e p o r t  o u t l i n i n g  e x t e n t  and probably cause  w i l l  be s e n t  t o  


















Government f o r  d i s p o s i t i o n .  
fo l lowing  i s  a l i s t  o f  t h e  GFP which EOS now h a s :  
each C o l l i m a t o r  Subassembly - P a r t  K O .  RCA 31-006 
each C o l l e c t o r  Subassembly - P a r t  K O .  RCA 30-000 
each Throa t  Subassembly - P a r t  K O ,  RCA 31-100 
each Carbon Arc Burner Subassembly - P a r t  KO. RCA 10-000 
each 400 Ampere-80 V o l t  DC Power Supply P c r k i n  E l e c t r o n i c  - N 3475 
each Chamber "E" Rad ien t  I n t e n s i t y  Measuring System ( R I P E )  
l o t  E l e c t r i c a l  Switch Gear 
each Tes t  Bench C o n t r o l  S t a t i o n  
each - Blower and Motor Assembly 
each - Index ing  Pane l  A i r  Cyl.  I tem 4 Drawing l8000 
each - Timer Repeat  Cycle wi th  EIotor I t em 2 Di-awing 21000 
each - P o s i t i v e  P o s i t i o n  Con t ro l  Subassembly I tem 45 Drawing 10000 
each - Switch,  Water P r e s s u r e  I tem 5 5  Drawing 10000 
each - Swi tch ,  PIicro w i t h  Lever Item 20 Drawing 18000 
each - Space A r c  Subassembly I tem 44 Drawing 10000 
each - P o s i t i v e  Jaw Subassembly I t e m  51 Drawing 10000 
Three each - Inse r t ,  Tring,sten I tem 10 Drawing 190000 
One each Dr ive ,  P o s i t i v e  Carbon I tem 39 Drawing 10000 
S i x  each  - 32-C46 B a l l  Clamps 
T w f l v t  each - 10-32hT by 314" lonz socke t  head cap screws and lockwashers 
O n e  annde and one ca thode  quick d i s c x n c c t .  Does n o t  i n c l u d e  c a b l e .  
One  Areon Quick Di sconnec t ,  one a i r  Quick Disconnect .  
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1.8 :continued) 
One each - Mechanism, Threading I t e m  40 Drawing 10000 
. One each - Relay ,  Time Delay (2 s e c . )  
One each - F l a s h  P l a t e  
One each - Exhaust  Switch w i t h  Vane Assembly 
One each - Col l ima to r  Handling F i x t u r e  
One each - Spare  C o l l e c t o r  Lens 
One l o t  - Bag Spare C o l l e c t o r  P a r t s  
One each - 0SRAZ.I Lamp Power Supply 
One each - C o n t r o l  Console ,  Harness ,  and Connector 
One each - RIMS Console and Harnessing 
One each - RIPE F i x t u r e  
S i x  each - Radiometers 
Four each - Fuse Boxes 
One each - Hood Assembly I tem 42 Drawing 100000 
One each - F i t t i n g  "L" Hose I tem 66 Draving 10-000 . 
One each - K Er E Alignment Stand 
One each - I n s i d e  E l i c r o m t e r  S e t  - 4" ( S t a r r e t t  Ca ta log  Ka. 823E) 
O n e  each - P o i n t  Source L igh t  (Vince T y r r e l l )  
One each - Each s p o o l  .005" S t a i n l e s s  S t e e l  Wire 
One each - Each Rad ian t  Hovie Screen 40" x 40" L e n t i c u l a r  
One each - 5-400 A I  ignment F i x t u r e  Assenlbly C o l l e c t o r  Assembly 
One each - 5-500 Carbon Arc Alignme.nt F i x t u r e  Assembly 
Ose each - 5-600 Co l l ec to r -Burne r  Alignment F i x t u r e  Assembly 
One each - Relay ,  Meter-Plodel 29XA - Range 0-500 DC Micrometer 280 ohm Resistance 
One each - Relay,  Time Delay (5 s e c . )  
One each - Kess. Module Q.Do Hardware ("J" Pane l )  
One Lot - A s s o c i a t e d A ,  A i r  Flow Gauges 
One each - Pleter C o n t r o l  Board Diode - 2N1605A 
One each - OSRAFI Lamp 
One each - 0-160 p s i g  Water P r e s s u r e  Gauge 
One l o t  - Pipe F i t t i n g s  
One each - Servo Ampl i f i e r  
One each - A i r  So leno id  Valve 
One wa te r  i n l e t  Quick Disconnect  and one wa te r  o u t l e t  qu ick  d i s c o n n e c t .  
One each - Panel  mour.ted ( F i s h e r - P o r t e r )  gauzes 1.74 SCFM 
One each - Panel mounted ( F i s h e r - P o r t e r )  gauges SR 650 GE 1002B8 
One each - Panel Piountcd ( F i s h e r - P o r t e r )  gauges 4.90 SCFPf 
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1.8 (cont inued)  
S i x  f e e t  - Gray Viny l  Tubing 
One each - P r e s s u r e  Sens ing  Switch 
One each - I r i s - S h r o u d  Assembly 
One each - I r is-Subassembly 
One each - Shroud Gaske t  
One each - I r i s  "0" Ring 
Two each - F i e l d  Lens Assembly w i t h  "0" Rings 
One each - Spare  F i e l d  Lens 
Three each - 30-052 C a n t a l e v e r  
One each - Argon Regu la to r  
Two each - 0 t o  4 .8  gpm Flow Meters  
One each - S o l a r  C e l l  
One each - 5-200 Throa t  Alignment F i x t u r e  
One each - 7-600 Lamp Bracket  
P e r i o d i c  i n s p e c t i o n s  o f  t h e  GFP w i l l  be performed by EOS O,C, d u r i n g  t h i s  
program. These i n s p e c t i o n s  w i l l  v e r i f y  a c c o u n t a h i l  i t y  and t h a t  proper  
c o n t r o l s  a r e  being used t o  p reven t  damage o r  d e t e r i o r a t i o n  d u r i n g  hand l ing  
o r  s t o r a g e .  
\ 
1.9 I d e n t i f i c a t i o n ,  Handl ing and S t o r a g e  of  M a t e r i a l  -
A .  I d e n t i f i c a t i o n  of l i m i t e d - l i f e  i tems w i t h  expected l i f e  i n d i c a t e d .  P o l i c y  
0- 11 of  t h e  EOS Product  Assurance Manila 1 d e s c r i b e s  t h e  procedure f o r  
a s s u r i n g  s t o r a g e  c o n t r o l  f o r  i tems t h a t  d e t e r i o r a t e  w i th  t ime.  The Age 
C o n t r o l  t a g  e x h i b i t e d  t h e r e i n  w i l l  be  a t t a c h e d  t o  a l l  items r e q u i r i n g  
t h i s  a c t i o n .  
B .  S p e c i f i c  h a n d l i n g  d e v i c e s  f o r  d e l i c a t e  p a r t s ,  e t c .  The m i r r o r s  and 
lenses  a r e  t h e  i tems which r e q v i r e  s p e c i a l  h a n d l i n g  p rocedures .  These 
i tems w i l l  be s t o r e d  i n  t h e i r  s h i p p i n g  c o n t a i n e r s  and w i l l  n o t  be 
opened u n t i l  needed f o r  assembly.  D u l y  persons LVho have had s u f f i c i e n t  
e x p e r i e n c e  on t h e  h a n d l i n g  of  o p t i c a l  conpor.ents will be a l l c w e d  to  
hand le  t h e  m i r r o r s  and l e n s e s .  
C .  I d e n t i f i c a t i o n  o f  i n s p e c t i o n  s t a t u s  OR s t o r e d  i tems.  A l l  boxes  of  
p a r t s  i n  s t o r e s  will e i t h e r  have a Source I n s p e c t i o n  o r  Receiving 
I n s p c c t i o n  A ~ c c p t a n c e  Tag a f f i s e d .  These t a g s  a r e  i l l u s t r a t e d  in  P J I i c y  
n-3-B, page 4a o f  t h e  EOS Product  Assurance E l a n i : ~ l .  
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1.10 C o n t r o l  of  Raw M 7 t e r i a l s  
The c o n t r o l  o f  raw m a t e r i a l s  w i l l  be done by r e q u i r i n g  t h e  vendors t o  
f u r n i s h  C e r t i f i c a t e s  o f  Compliance. The C e r t i f i c a t e s  of  Compliance 
r e q u i r e d  from t h e  vendors  w i l l  be t o  d i f f e r e n t  deg rees  o f  s t r i n g e n c y  
dependent upon t h e  c r i t i c a l i t y  o f  t h e  i t e m  t hey  a r e  malting. The f o l -  
lowing i s  a summary o f  t he  requirements  EOS has  impcsed on vendors 
t o  d a t e :  
A .  A C e r t i f i c a t e  o f  Compliance t o  EOS PURCfklSE OFDER REQCIREPEKTS I S  REQUI  
r e q u i r e d  from a1 1 vendors .  
B .  M a t e r i a l  c e r t i f i c a t i o n s  a r e  r e q u i r e d  from t h e  fo l lowing  vendors:  
P a r t  No. 
8307- 100 
2" d i a .  check p l a t e  
PIC #4329U 
A t i 8  16- 6- 8 
A N  6290-6 
Typ 304, 3/8" x 1-1/8" 
S t a i n l e s s  S t e e l  Bar S tock  
S t a i n l e s s  S t e e l  Angle 
Typ 304, 1'' x 1" x 3/10" 
S t a i n l e s s  S t e e l  Bar S t o c k  
Typ 303, x 1" 
Tubing p e r  NIL-T-8504 
5/8" O,D, x .065 w 














3/4" nominal type L s o f t  
3/8" nominal type L s o f t  
5/8" O o D e  x .235 w a l l  s o f t  A n n .  
31'8" O,D, x .032 w a l l  s o f t  Ann. 







P.I ,C,  Design Gorp. 
A i r  Hardware , I n c a  
C a l - S t a t e  S e a l  
J e s s o p  S t e e l  o f  Ca1iforni.a 
Tube S a l e s  
Rick Machine Shop 
R&C E l e c t r o n i c s  
Pa rke r  P a t t e r n  and Foundry 
P a r k e r  P a t t e r n  and Foundry 
FfcMaster-Cnrr S u p p l y  Co. 
Perma-La tern 
B&H P r e c i s i o n  Tool and Die I n c .  
B&H P r e c i s  ior? Tool and Die I n c .  
T r i o  Fleta 1 Stamping, I n c .  
Design Elacttine Prodvcts  
ILer P ipe  and Supply Co. 
Swif t -Cor  T O O L  and Eng inee r ing  IDc. 
Swift-Cor Too l  G E v g .  Inc  . 
Swift-Cor Tool 5r E n g .  I n c .  
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B&H P r e c i s i o n  Tool and Die 
Crown Va I l e y  Thread,  I n c  . 
Crown Va l l ey  Thread,  I n c .  
u_g_. Design Machine P roduc t s  
Aero lab  Dev. Co.  
Phoenix Aluminum & Magnesium C J . ,  I 
C .  P h y s i c a l  and Chemical C e r t i f i c a t i o n s  of a l l  m a t e r i a l s  and p rocesses  
a r e  r e q u i r e d  from t h e  fo l lowing  vendors:  
P a r t  K O .  Vendor 
614579 
30-038 

















P i e r c e  P r e c i s i o n  Shee t  Metal 
S h o r t  Run Stamping Co. , Inc .  
Phoenix Aluminum & Magnesium Co. , I 
Coast  Metal  C r a f t  
Sigma C a s t i n g  Corp. 
Gasket Mfg. Co. ,  I n c .  
Q u i n t e s c u ,  I n c .  
H o l l i n g  I n t e r  Mountain 
H o l l i n g  I n t e r  Mountain 
Ho 1 1 i n  I n  t e r Plo tin t a i 11 
Crown P a t t e r n  and Foundry 
Crown P a t t e r n  and Foundry 
Design Machine P roduc t s  
1.11 I n s p e c t i o n s  and T e s t s  
1.11.1 Source I n s p e c t i o n  
P o l i c y  (3-3-A of t h e  EOS Product  Assurance Manual d e s c r i b e s  t h e  
procedure t h a t  w i l l  be implemented f o r  coEc1ucting soiirce i n s p e c t i o n  
and i l l u s t r a t e s  t h e  Source I n s p e c t i o n  t a g  which w i l l  accompany 
m a t e r i a l  a c c e p t e d  a t  t h e  sotrrCe. 
Upon r e c e i p t  o f  m a t e r i a l  which h a s  been accep ted  a t  t he  s o u r c e  :7y 
an  EOS Source I n s p e c t o r ,  a s  i l l u s t r a t e d  by an  accep tance  stamp i n  
t h e  i n d i c a t e d  space  on t h e  Source I n s p e c t i o n  t a g ,  a check f o r  
i d e n t i f i c a t i o n  and damage d u r i n g  shipment w i l l  be conducted by 
Rece iv ing  I n s p e c t i o n .  I f  t h e  i t ems  a r e  s t i l l  a c c e o t a b l e ,  thr 
Receiving I n s p e c t o r ' s  s t a n p  w i l l  be a g a i n  placed upon the  S o u r c e  
I n s p e c t i o n  t a g .  The accep ted  m a t e r i a l  G i l l  t hen  be shipped 
K O  S t o r e s .  19 
1.11.2 Receiving I n s p e c t i o n  
On a l l  m a t e r i a l  which h a s  n o t  been s o u r c e  i n s p e c t e d  by EoS, 
Rece iv ing  I n s p e c t i o n  (per EOS PAM,  P o l i c y  0-3-B) w i l l  be 
conducted.  S p e c i f i c  i n s t r u c t i o n s  f o r  r e c e i v i n g  i n s p e c t i o n  a r e  
con ta ined  i n  11 #7056-R. 
1 .11.3 F i r s t  A r t i c l e  I n s p e c t i o n  
A F i r s t  A r t i c l e  E v a l u a t i o n  Report ,  i n  accordance wi th  P o l i c y  0-7 
of t h e  EOS Product  Assurance Manual, w i l l  be p repa red  f o r  a11 
p a r t s .  
1.11.4 In -P rocess  I n s p e c t i o n  
The assembly o p e r a t i o n s  necessa ry  t o  go from t h e  p i e c e  p a r t  
l e v e l  t o  the  subassembly l e v e l  w i l l  be de f ined  on Manufactur ing 
Orders  ( M O ' s ) .  These MO's w i l l  d e s i g n a t e  the  i n s p e c t i o n  s t e p s  
t o  be performed d u r i n g  t h e  assembly o p e r a t i o n s .  By a f f i x i n g  t h e  
i n s p e c t o r ' s  stamp t o  t h e  MO b e s i d e  each i n s p e c t i o n  s t e p  a s  i t  
is performed, t h e  NO (which t r a v e l s  w i th  t h e  hardware throughout  
t h e  f a b r i c a t i o n  p r o c e y )  s e r v e s  a s  t h e  in -p rocess  i n s p e c t i o n  
r e c o r d .  P o l i c y  Q-3-D of  t h e  EOS Product  Assurance Manua l  
d e s c r i b e s  t h e  procedure f o r  i n - p r o c e s s  i n s p e c t i o n .  
The fo l lowing  s e c t i o n  c o c t a i n s  t h e  manufactur ing Orde r s ,  T r s t  * 
and Assercbly P r o c e d u r e s ,  K i t  L.ists and I n s p e c t i o n  I n s t r u c t i o n s  
t h a t  w i l l  be used t o  c o n t r o l  t h e  assercb ly  and t e s t  o p e r a t i o n s  
f o r  t h i s  program. 
T h i s  documentation i s  organized a s  fo l lows :  
k 1.11.4.1 
~ 1 . 1 1 . 4 . 2  Assembly and T e s t  Procedure f o r  C o l l e c t o r  
$1.11.4.3 K i t  L i s t s  f o r  C o l l e c t o r  
Manufactur ing Orders  f o r  C o l l e c t o r  
1.11.4.4 I n s p e c t i o n  I n s t r u c t i o n s  f o r  C o l l e c t o r .  
4 3~ 1.11.4.5 Manufactur ing Orders  f o r  Col l i rnator  
x 1.11.4.6 
Y1.11.4.7 K i t  L i s t s  f o r  Co l l ima to r  
Assembly and Tes t  Procedure f o r  Co l l ima to r  
1.11.4.8 Inspec  t i o n  I n s t r u c t i o n s  f o r  Co l l ima to r  
1.11.4.9 blanufac t u r i n g  Orders f o r  Throa t  
20 





$1.11.4 a 1 
1.11.4.16 
1.11.4.17 
g1 .11 .4 .18  
1.11.4.19 
Assembly and T e s t  Procedure f o r  Throa t  
K i t  L i s t s  f o r  Throa t  
.Inspec t ion I n s t r u c t  i o n s  f o r  Throat  
Planufac t u r i n g  O r d e r s  f o r  M i r r o r s  
Revised Manufactur ing O r d e r s  f o r  M i r r o r s  ( t o  be 
i n c o r p o r a t e d  when t h e y  become c o n t r a c t u a l l y  r e q u i r e d )  
T e s t  Procedures  f o r  M i r r o r s  
I n s p e c t i o n  I n s t r u c t i o n s  f o r  M i r r o r s  
I n s p e c t i o n  Travel’er f o r  M i r r o r s  
Revised I n s p e c t i o n  T r a v e l e r  f o r  M i r r o r s  ( t o  be 
i n c o r p o r a t e d  when i t  becomes c o n t r a c t u a l l y  r e q u i r e d )  
A d d i t i o n a l  I n s p e c t i o n  I n s t r u c t i o n s  ( t o  be  
i n c o r p o r a t e d  when they  become c o n t r a c t u a l l y  r e q u i r e d )  
1.11.4.20 I n s p e c t i o n  Check L i s t  f o r  C o l l e c t o r  
1.11.4.21 I n s p e c t i o n  Check L i s t  f o r  Co l l ima to r  
1.11.4.22 I n s p e c t i o n  Check L i s t  f o r  T h r o a t -  
1.11.4.23 I n s p e c t i o n  I n s t r u c t i o n s  f o r  Receiving I n s p e c t i o n  
-1 
2 1  




PART NO. R E V .  
PART NAME C o l l e c t o r  
--I--- -- 
In Process  I n s p e c t i o n  ----- --_____I_---- 






V e r i f y  t h a t  assembly o p e r a t i o n s  2 .3 .4  through 2.3.11 have been performed 
a c c o r d i n g  t o  t h e  assembly procedure.  Use c o l l e c t o r  check l i s t  t o  r eco rd  
in spec  t i o n .  
V e r i f y  p re sence  of  good workmanship. 
V e r i f y  t h a t  a l l  t e s t  and i n s p e c t i o n  equipment i s  c a l i b r a t e d .  




PART NO. REV. 
I 
PART NAME C o l l e c t o r  
- 







EOS i n s p e c t o r  t o  witness assembly o p e r a t i o n s  2.3.80 through 
2.3.85, 2.3.87 through 2.3.89 and  v e r i f y  t h a t  t hey  are be ing  
performed a c c o r d i n g  t o  t h e  C o l l e c t o r  Assembly procedure.  U s e  
Collector Check L i s t .  
_ _  __-- 
Use c o l l e c t o r  check l i s t  t o  r e c o r d  i n s p e c t i o n .  
V e r i f y  t h a t  a l l  t e s t  a n d  i n s p e c t i o n  equipment i s  c a l i b r a t e d .  
*y;sag!s.ree B 
Stamp M O O ,  
I1 87056-1A 
P o i n t  Source T e s t  
PART NO. 
C o l l e c t o r  
I n s p e c t i o n  
STATION O R  AREA 
4 
1 .o EOS i n s p e c t o r  t o  w i t n e s s  assembly s t e p s  2 . 3  k 
t h a t  t hey  were performed a c c o r d i n g  t o  thegpr  I - L .  Use c o l l e c t o r  
'check l i s t  t o  r eco rd  i n s p e c t i o n .  





P A R T  NO. 1 REV.  
-_____I___L__- I 
co  11 e c  t o r  
In -P rocess  I n s p e c t i o n  
INSPECTION S T A T I O N  O R  A R E A  
5 
P A R T  NAME 
- - - ~ -  
----- - 
1 .o a t  assembly o p e r a t i o n s  2.3.16 t h r u  .2@, 2 .3 .20  t h r u  2 . 3 . 4 1 ,  
t h r u  2 . 3 4 6 ,  2 .3  
d acco rd ing  t o  t 
assembly  procedure .  Use c o l l e c t o r  check l i s t  t o  r eco rd  i n s p e c t i o n .  
2 .0 
3 .O 
4 . 0  
V e r i f y  p re sence  of  good workmanship. 
Ver i fy  t h a t  a l l  t e s t  and i n s p e c t i o n  equipment i s  c a l i b r a t e d .  
Stamp M O O D  
4 8  
11 #7056-2A 
PART NO. I REV. - I 
PART N A M E  
I C o l l e c t o r  tlydro T e s t  
INSPECTION STATION OR A R E A  
5 
2 .o 
3 . 0  
EOS i n s p e c t o r  t o  w i t n e s s  Hydro T e s t  and v e r i f y  t h a t  i t  is performed 
i n  accordance w i t h  assembly s t e p  number‘ 2.3.123. Use t h e  c o l l e c t o r  
check l i s t  t o  r e c o r d  t h e  i n s p e c t i o n .  
V e r i f y  t h a t  a l l  t e s t  and I n s p e c t i o n  equipment i s  c a l i b r a t e d .  
Stamp M O O ,  
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PART NO. 
PART~~AME c o l l e c t o r
INSPECTION STATION OR A R E A  
Fina 1 I n s p e c t  ion  
I 
5 l- 
1 .o V e r i f y  t h a t  t h e  c o l l e c t o r  check l i s t  i s  complete and t h a t  a l l  o p e r a t i o n s  
were a c c e p t a b l e .  
2 .o V e r i f y  t h a t  t h e  c o l l e c t o r  M,O i s  complete and t h a t  a l l  o p e r a t i o n s  were 
a c c e p t a b l e .  
3.0 V e f i f y  t h a t  a l l  RDR's, ISR'S and N R B ' s  p e r t a i n i n g  t o  t h i s  subassembly 
have been processed c o r r e c t l y  and t h a t  any rework r e q u i r e d  and /o r  MRB'S  
have been bought o f f  by t h e  Government. 
4 .o P r e s e n t  t h e  check l i s t ,  completed N.O. ' s  and bought o f f  MRB's t o  t h e  
Govertment i n s p e c t o r  f o r  F i n a l  buy o f f .  
5 . @  Stamp P1.0. 
6 .O A t t ach  f i n a l  accep tance  t a g  on u n i t  and stamp. Have Government i n s p e c t o r  
stamp F i n a l  accep tance  t a g *  
5 0  
PART NO. REV. 
C O I  l e c t o r  
Packaging I n s v e c t i o n  
II 87056-4 
INSPECTION STATION O R  A R E A  
1 .o V e r i f y  t h a t  u n i t  i s  mounted c o r r e c t l y  i n  i t s  s h i p p i n g  c o n t a i n e r  
67 w 
(draw i n 8  # 6 14 7 5 8 ) 
Record any d e f i c i e n c i e s  (on a ISR) which could cause  damage i n  
t r a n s i e n t  and forward t o  t he  r e s p o n s i b i e  O,A a Engineer  and p r o j e c t  
Manager. 
3 . 0  Stamp M O O ,  
51  




PART NAME C o l l e c t o r  
INSPECTION STATION OR A R E A  
I__-___ 







V e r i f y  t h a t  t h e  fo l lowing  documents a r e  f i l l e d  o u t  p r o p e r l y  
and inc luded  i n  t h e  d a t a  package: 
1 , l  EOS QA c e r t i f i e d  copy o f  t e s t  r e p o r t  f o r  each u n i t  
1,2 EOS C e r t i f i c a t e  o f  Compliance f o r  each u n i t ,  
1 , 3  DD 250 
1,4 GRL 
1.5 I n s p e c t i o n  T r a v e l e r s  f o r  each u n i t  (Sl and # 2  m i r r o r s )  
Stamp s h i p p i n g  b l o c k  on accep tance  tag .  
Stamp FI,O, 
F i l e  NO'S, I n s p e c t i o n  T r a v e l e r  f o r  h l i r r o r s ,  Acceptarce Tag ,  Sh ipp ing  
Tag ,  I S R ' S ,  P IRB ' s  and  any  o r h c r  p e r t i n e n t  i n fo rma t ion  ir:  a f o l d e r  
t h a t  i s  i d e n t i f i e d  by tkte u n 8 t s  s e r i a l  number, Kake 3 s e p a r a t e  f i l e  
f o r  each u n i t ,  
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1.11.4.1 11:spci t i o n  I n s t r u c t i o n s  f o r  C o l l i m a t o r  
67 
I1 #70.56-5A 
I REV. / P A R T  hO 
1 . 0  EOS i n s p e c t o r  t o  w i t n e s s  assembly s t e p  KO.  2 , 4 . 7 .  V e r i f y  t h a t  
t h e  c o l l i m a t o r  s u p p o r t  subasstntbly i s  a l i g n e d  i n  accordance 
w i t h  assembly s t e p  2 . 4 . 7 .  Use the  c o l l i m a t o r  check l i s t  t o  
r eco rd  this i n s p e c t  i on .  
2.0 I f  t h e  c o l l i m t o r  s u p p o r t  subassembly i s  a l i g n e d  c o r r e c t l y  
stanip M , O ,  
3 , O  V c r i f y  t h a t  a l l  t e s t  and i n s p e c t i o n  cquipnient i s  c a l i b r a t e d ,  
f 
I1 B 7056-6  
- 9 .+ 2 s  
1 .o EOS i n s p e c t o r  t o  w i t n e s s  assembly s t e p  K35 &&+9and v e r i f y  
t h a t  a l l  a s s e r h l y  o p e r a t i o n s  a r e  performed a c c o r d i n g  t o  t h e  
procedure .  
3 .O A f t e r  coc?pletior.  o f  assembly C ? E ~  KO. 7 . 4 . 2 9 ,  v e r i f y  t h a t  
assembly  o p c r < i t i J n s  2 . 4 - 3  t h r r ,  -&&6-, 7 . 6 . 8 ,  ?.!,.I? t h r u  
1.4.17, 2 . 1 ? y A  2 . L . 2 3 ,  2.G.26 t h r t  ? . 5 , 2 7  were pcsrfor.ned 
c o r r e c t l y .  Use c o l l i c i a t o r  check l i s t  tt.1 documpnt th i s  i n s p e c t i a n .  
,&w -1 IL, w 2 , 4 *  30 
3.C VL>rifg t h a t  a l l  t c s t  and i n s p e c t i o n  erL ipnen t  i s  c a l i b r a t e c l .  
4.0  V e r i f y  t1,c p r c s c n c e  of  good workmanship, 
5 . c  Stamp 1.: .O 
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I1 # 7056-6A 
1 .@ EOS i r s p e c  t J r  t o  v i t r e s s  t h e  I!clitm Leak T e s t  a n d  v e r i f y  t h a t  i t  
is pcrfornlccl a (  co rd ing  t o  a s s u - h l ;  procec'L.rc, para-;rnph 2.4.32, u s e  
the c o l l i m a t o ~  ctleck l i s t  t o  rccorci t h i s  i r , spcr t - ion .  
2.0 V e r i f y  t h a t  a l l  t es t  3nc' i t s p c c t i o r :  e q ~ i p m r n t  i s  c a l i b r a t e d .  
3.0 Star:p t1 .e  k:"f?., 
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1.0 EOS i r .spector  t o  witcess t h e  Hydro T e s t  a r d  v e r i f y  t h a t  i t  i s  performed 
a c c o r d i n g  t o  a s s e m b l y  procedure  paragraph 2 . 4 . 3 3 .  
check 1 i s t  t o  r e c o r d  t h i s  i n s p e c t  ion .  
? . O  V e r i f y  t h a t  a l l  t e s t  3 t : d  i n s p e c t i o n  c q u i p n c w t  i s  
3 . Q  S t a r - p  l+,O, 
Use t h e  c o l l i m a t o r  
calibrated. 
7 1  
I f\l S P ECT f ON 1 N S TR U C T t Ob! *-I4 
'e& 
TI #7056-7 
1.0 V e r i f y  t h a t  t h e  co1 l i r ; i t o r  check l i s t  i.s complete  and t h a t  a l l  
o p e r a t i o n s  b e r e  a c c e p t a b & & .  
2 .0  V e r i f y  t h a t  t h e  c o l  l i r i a t o r  F!oOo is  complete  ar,d t h a t  a l l  
v p c r a t  i o n s  were a c c e p t a b l e .  
3.0 V e r i f y  t l m t  a l l  R D R ' s ,  I S R ' s  ar~c!  PiRS's p e r t a i n i n g  t o  t h i s  
s u b a s s c m b l y  t i 3 V t  been proc'essed c o r r e c t l y  a n d  thn t a r y  rework 
r e q u i r e d  and /o r  F!RB's have beer  boliglit o f f  by t h e  government. 
4.0 P r e s e n t  t h e  check l i s t ,  cor,plc.tec! F 1 . 0 . ' ~  and bought -of f  FlRB's  
t o  t h e  ;overrmcrt  i n s p c c i o r  f o r  f i n a l  buy-of  f .  
5.0 Stacip Fl.0, 
6 . 0  A t t ach  f i n a l  acccp tance  t a g  on ~ r l i t  and s t a m p .  Have government 
i n s p e c t o r  stamp f i n a l  acccp tance  t a g .  
7 2  
I N S P EC T f 0 N I PJ S TR U C T t ON 
I1 87056-8  
1.0 V e r i f y  t h a t  u r i t  i s  mounted c o r r e c t l y  i n  i t s  s1,ipping c o n t a i n e r  
(Drabin; Kt>. 61475C i ) .  
2.0 Rccord a n y  d e f i c i e n c i e s  on a n  ISR which co1:1d c:31tse damage 
i n  t r a n s i e i ; t  and forward t o  t11e r e s p o n s i b l e  C,A ~ Er.gineer and 
P r o j e c t  Manager. 
3.0 Starep X o O 0  
7 3  
I1 $7056-9  
PART NO I R E V  
1.0 V e r i f y  t h a t  tilie f o l l o x ~ ~ i n g  dociirients a r e  f i l l e d  o u t  properly and 
inc l cded  it? t h e  da tn  p a c k a g e :  
1,1 EOS P o A e  c e i t i f i c c '  copy of t e s t  r e p o r t ,  f o r  each unit. 
1 . 2  EOS C e r t i f i c a t e  o f  C o r p l i a r c e ,  f o r  each unit. 
1 . 3  PD 2 5 0  
I .4 c::L 
: . 1 1 n L < :  -Ll: .r .-L' c .i,t (83 and #4 mirrors). 
2.3 S t n n p  s h i p p i r ;  b lL ,ck  on  a t c - p t a r c e  t a g  
3 . 0  Sta:np N.0. 
4 . 0  F i l e  N O ' S ,  Acceptance Tag, Sh ipp ing  Tag,  I S R ' s ,  N R B ' s ,  and 3ny 
o t h e r  p e r t i n e n t  i n f u r w a t i m  i n  a f d l d c r  t h a t  is  i d e n t i E i e d  by the 
u n i t s  s e r i a l  niiribcr. Flake a s e p a r a t e  f i l e  for each u n i t .  
7 4  
1.11 . & . I 2  I n s p e c t i o n  I t i S t r U C t i O R S  f o r  T h r o a t  
I 
1 P A R T  NO. 
i 
t h e  o,overnr,c'r.t i n s p e c t o r  f o r  f i n a l  ' ) ~ y  o f f .  
S tarip 1. 
A t t ach  f i v . , 1  R C C C  p t  tnce t a g  91. rlrit 3 r d  s t a r i p .  tlaye govcrr.rner-t 
i f i snc r to r  s t  11-p f i r  1 1  3cccn ta i ' c c  t n - .  
8 6  
INS PECTI 0 I N S P R U C T- i 0 M 
1.0 V e r i f y  t h a t  1 , n i t  is  mounted c o r r e c t l y  ir? i t s  s1:ippin; c o n t a i n e r  
(dravini; K . J .  b l L 7 5 7 ) .  
2 .0  Record any d e f i c i e c c i c s  on a n  ISR which c ~ ~ l d  c a u s e  damage i n  
t r a n s i e n t  a n d  forward t o  t1:e r e spo i i s ib l e  Pc.4e Engineer  and P r o j e c t  
Mar:a:zer. 
3.0 St;1r:p 
8 7  
1 .0  V e r i f y  t h a t  t l l c  f o l l o w i n e  documents a r e  f i l l e d  o u t  p r o p e r l y  and 
inc luded  ir, t h e  d a t a  package:  
1.1 
1 . 3  ED 250 
1 . 3  GEI. 
EOS C e r t i f i c a t e  of Cornpliance for  each unit. 
2.0 Stac ip  s h i p p i n g  1) lock an a c c e p t a r c e  t a g  a r d  1-I.O. 
3.0 Stamp M.O. 
4.0  F i l e  M.O. ' s ,  Acceptance Tag, Sh ipp ing  Tag,  I S R ' s ,  M R B ' s  a n d  any o t h e r  
p t J r t i n e n t  infcJrTlation i n  a € a l d e r  t h a t  i s  i d e n t i f i e d  by tltc u n i t s  
s e r i a l  n1.imber. EIalcc a s e p a r a t e  f i l e  f o r  each  unitl. 
1.1 I .4.16 I n s p e c t i o n  I n s t r u c t i o n s  f o r  1,:irrurs 
f 20 
INSPECTION IN STRUCT'i ON 
I1 ";.7056-14 
1 ' 0  EOS i n s p e c t o r  n i l 1  be  n o t i f i e d  by o p t i c a l  t e s t  pe r sonne l  wlie~i a 
r:iirror i s  r eady  f o r  t e s t .  
2.0 EOS i n s p e c t o r  t o  v e r i f y  t h a t  a l l  t e s t  and i n s p e c t i o n  eqt:ipmert 1 s e d  
is  ca 1 i b r a  t eC1. 
3.0 EOS i n s p c c t o r  t o  wi tness  Op t i ca l  T e s t s  a1.d v e r i f y  t h a t  t h e  t e s t  is  
r u n  i n  accordance  w i t h  t h e  fo l lowing  procedures : 
Mir ro r  < h i  - Process  S p e c i f i c a t i o n  #O,T, l (700  Appcndix 1 
Mirror  # ?  - Process  S p e c i f i c a t i o n  #O,T,IOPP Apner,dix 2 
Mir ro r  #3  - Process  S p e c i f i c a t i o n  F O , T , l P 0 0  Apperdix 3 
X i r r o r  $S - Process  S p c c i  L r i ca t i a r  # O , T ,  I n 0 0  Appetidi.x 4 
4 .0  I! t h c  ri i .rrors pas s  t h e  o p t i c a l  tests the  i n s n c c t o r  i s  t o  a c c c p t a r c e  
s tamp tlse i r s p e c t i o n  tra, :el?r,  I1,O. a i d  Fina l  Op t i ca l  T e s t  S h e e t .  
1 2 1  
I1 Q7056-14A 
I REV. 
1 .Q EOS i r s p e c  t o r  t o  n:easi:re the I,I! anc! O,D, sf t h e  m i r r o r s  ~ s i n ?  a 
Vcrr:ier C a l i p e r .  Tjte I,T c1 ar:d O,r, din!er,sior.s and t o l e r a n c e s  f o r  
t h e  var io i l s  n - i r ro r s  a r e  co r t a i i i ed  on t h e  f o l  lowin;: drawings: 
E i r r o r  #1 614331 
f4 i r ro r  8 2  614577 
N i r r o r  ik3 GI4576 
M i r r o r  +4 614320 
2.C EOS i r s p e c t s r  t o  a l s o  clteck the  l o c a t i o n  and  ryic'th o f  t h e  s l o t s  
on t h e  No. 4 nirr iJr .  
3.0 V c r i f y  t 1 ,a t  a i l  i n s p e c t i o p  e q u i p m r  t u s e d  i s  c a l i b r a t c d .  
4 . 0  V e r i f y  p r e s e r c e  o f  good worl;ric~rsliip. 
5.0 I f  m i r r o r s  a r e  a c c e p t a S l e ,  EOS i t , s p e c t o r  i s  t o  s t a m p  i r s p e c t i o n  
t r a v e l e r  a r d  M , O .  
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INSPECT10 I N S PRUCT I ON 
P A R Y  NO I R E V  
P A R T  NAME 
----. REF I. :CY I z; I yy _ _ _  _I_____. 
INSPECTION STCTION OR A R E A  
1 .0  EOS i n s p e c t o r  t o  v e r i f y  t h e  f o l l o v i n g :  
A .  That  COS supplit-d MSC 1 2  r e p r e s e n t a t i v e  sample c o a t i n g s  on 
g l a s s  s l i d e s .  
E .  That  EISC r e t i t r n c d  G of  the  s l i d e s .  
C .  T h a t  t h e  sarple ni:m:>er cor responds  t o  a p p r o p r i a t e  rep1  i c a t i o n  
rtm'jcr and i s  r e l s t ec?  ts> p r o p e r  m i r r o r  s e r i a l  r i inber a s  
inc ' i t a t ed  o n  tlqe P!.O. 
2.0 :OS i n s p e c t o r  ti? w i t n e s s  r e f l e c t i v i t y  t e s t  a n d  v e r i f y  t h a t  specc. lar  
r e f l c c t i v i t y  rc-ndin:s a r e  taken a t  380, 550 a n d  850 m i l l i m i c r o n s  f o r  
each m i r r o r  arid t h a t  t h e  nieasvred r e f l e c t i v i t y  o f  t h e  prr lduct ion 
s ~ r r p l e  i s  n o t  nore  thax  2'%, b c l n v  the r e f l e c t i v i t y  o f  tlie s t a n d a r d  
(3vcra;;c f o r  t he  s i s  s n m p l c a )  , s 1 i d e  f s r  t h e  wavelength t e s  ted  . 
3.0 I f  tlle s l i d e s  a r c  a c c e p t a b l e ,  s t a n p  tlie .PI.O.; i n s p e c t i o n  t r a v e l e r  
arc! e n t e r  s , i r i p l e  S/'h a l o n g  wi th  r e f l e c t i v i t y  readin: f o r  e a c h  t e s t  i n  
t h e  r c f l e c t i v i t j  r eco rd  I J O O ~ .  Book i s , t o  b e  k e p t  i n  t h e  i n s p e c t i o n  
files. 
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INSPECT10 STRUCTION 
I1 117056-16 
1.0 VeriEy t l ia t  edge s e a l  SR-82 has  b e e n  a p p l i e d  t o  t h e  I , D ,  and 0.13, 
of a l l  m i r r o r s .  
2 .rI Veri f y  t h a t  t h e  s u r f a c e  nria l i t y  corresponds t o  t l t c '  €011 owing 
r e q u i i e m e c t s :  
2 .1  A d d i t i o n a l l y ,  1% oE t h e  u s a b l e  s h r f a c e  a r e a  o f  each m i r r o r  may 
excccd i t s  t o l e r a n c c s  provided t h a t  no s i u g l e  d e f e c t  s h a l l  have  
a n  a r e a  S r e a t e r  t h a n  1/30 o f  I Z  f o r  M i r r o r s  !:a. 1 ,  2 ,  2nd  3 ,  
and  1/?@ o f  I %  f o r  K i r r o r  S o .  4 .  Areas e f f e c t e d  by edc;e s c a l i r r  
o f  c o a t i n 2 s  and /o r  non-us3ble i n s i d e  d i a n e t e r s  and o u t s i d e  
d i a m e t e r s ,  a s  previot ls ly  Gt'fitied d i i r i .~ : ;  t h c  coLirse o f  t h e  
c o n t r a c t  , s h a l l  r o t  I)e inc l t i dcd  i n  the l,! al lowii lcc .  -
2.2 A d d i t i o r a l l y ,  f o r  S l i r r o r s  Pis. 1,  ? ,  ind 4 ,  a pboto :raph of tlie 
2.3  
p r o j e c t e d  "flash" w i l l  be F a d e  \chert7 Feasi ':jlc, I f  appa ren t  
a h t ~ o r n a l  t i e s  a r e  r -n t i ccd ,  t he  m i r r o r s  w i l l  'le r e p o s i t i o n e d  , .Pc '  
t h e  p rc sc r i t j ed  t e s t s  v i 1  1 be performed to i r l c l i j d c  t11e m t-st ioca l i le  
a r e a s .  Nirr-ors w i l l  'le a c c e p t a b l e  i f  t he  medsurcd d t 'v ia t  i .>r  s d;, 
n o t  exceed t!,c c i r ror  r c f  1c.c t o r  f i_ :ure  t o l e r a n c e s  and p a r a .  2 . 1  . 
Pt i r ro r s  KJ. 1 , 2 ,  a1:d 3 s f , a I I  h ive  n o  more t l u n  1% o f  the s r ' r fnce  
a r e a  b c i r 2  pot-reflcc tis/e LCith f r & r t h e r  I i n i t a t i o t i s  t o  :irca defir-QcJ 
i n  2 . 1  abave.  Mi r ro r  T j. 4 s h a l l  have o ~ l y  1 / 4  o f  1% 2iIIx;a!2le 
stirf,rce dcfcTct a r e a  except  f o r  an a 1 I o ~ a ' ~ I c  l!4 inch w i d e  band  
a t  ivRer dr7d ori ter edges .  I n  t o t a l  ~ n l y  17; s u r f a c e  d e f e c t s  S ~ : ' I ~ ' L  
bc a l l J t s s b l e .  
2.5 Ttie 1% a r e a  a l l o w s b l e  f o r  o p t i c a l  s l o p e  clefects and the  above C e f i i - c d  
o r  coa t in , :  d e f e c t  a r e a s  s l a l l  r o t  be cocsiderec'  a d d i t i v e ;  i . 3  :> re  
than ovc pe rcen t  s h a l l  Se a l lowrd  f o r  t l , e  t q t d l  oE both t b p t s  o f  
clcfcc ts  * 
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2.5 The p r e s e n c e  o f  m i r r o r  s u r f a c e  d e f e c t s  which are normal t o  t h e  
r e p l i c a t e d  m i r r o r  p r o c e s s e s  and which are  n o t  o b v i o u s l y  t h e  
r e s u l t  of  poor workmanship s h a l l  n o t  b e  c a u s e  f o r  r e j e c t i o n .  
P i t s  and d i g s  r e p l i c a t e d  from t h e  master s h a l l  n o t  exceed 
t h e  a l l o w a b l e  areas above. 
3.0 C h a r t  C1 is t o  b e  used  t o  judge  t h e  s u r f a c e  q u a l i t y  of t h e  m i r r o r s .  
4.0 V e r i f y  that  - a l l  o p e r a t i o n s  o n  t h e  M.O.'s and i n s p e c t i o n  t r a v e l e r s  
have  been  completed.  
V e r i f y  that a l l  ISR's have  had t h e  rework accep ted  by t h e  DCAS 
i n s p e c t o r  s t amp  ISR o r  have  been d i s p o s i t i o n e d  "use  as is" by 
EOS QA Eng inee r ing  and t h e  p r o j e c t  manager i f  d i s c r e p a n c y  i s  w i t h i n  
c o n t r a c t u a l  r equ i r emen t s .  
V e r i f y  t h a t  a l l  MRR's have  been bought o f f  by EDS ahd DCAS. 
I f  t h e  m i r r o r s  and documenta t ion  are acceptable, s t amp  t h e  f i n a l  
i n s p e c t i o n  b l o c k  on t h e  M.O. and i n s p e c t i o n  traveler.  
5 .0  
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EOS QUALITY ASSURAXCE 
INSPECTIOnT TRAVELER 
NASA MIFXORS * 
- - .  CONTRACT EO, 
Revision A 
S9-5805 
, _ l .  
12- 12 -66 
P/N: 
S/N: 
3, Inspect Bonding of Mirror to Casting 
1, Inspect Casting 
f 
GOVT,INSPEC, EOS DATE 
B 
# 
* .I ? / ,  
I ’  
. .  
2, Inspect Cleaning of Casting ’ 
,. ’*  
c 
.... 
* .>,. - 
4, Witness Optical Test 
5, Mechanical Inspection 
6, Inspect Coating of Mirror 
. (coating test) . 
i 7. Witness Reflectivity Test Reflectivity test may be performed , after completion of final inspection 
and release of mirrors for assembly, 
127 
- 
*- _=. .,- .- . 
8, Final Inspection 
1.1 1.4 .19  A d d i t i 3 n a ' l  1r:spection I n s t r u c t i 3 n s  f o r  F l i r rors  
( t o  be i n c o r p o r a t e d  when t h e y  b e c o m  contractually r e q u i r e d )  
1 2 9  
1.0 Inspect the cleaning operation fo r  all mirrors, 
inspection check list6 
Verify that all test and inspection equipment used. is calibrated, 
Record inspection on cleaning 
2.0 
3.0 Verify that production personnel have copies of and are using the latest revision 
Stamp manufacturing order and inspection traveler, 
' of the cleaning procedure (EOS Directive 12-Z), 
4.0 
CGS FORM N0.566,3-64 130 








1.0 Inspect t h e  bonding operat ion f o r  a l l  mirrors,  
inspect ion c h e c K s t ,  
Verify t h a t  a l l  test and inspec t ion  equipment used i s  cal ibrated.  
Record inspec t ion  on bonding 
2.0 
3,O Verify t h a t  a l l  material requi r ing  age c o n t r o l  i s  within i t s  current  use date, - 
4 , O  Vsi-fy-that: - the  bonding test:  i s  performed in a c c o r d a n c e  wTEh the’ 
adk&en-k--es&-pmxedurei EOS- Direct ive No. - 15-2, 
VeriEy t h a t  t he  production personnel have copies of and are using the  l a t e s t  
revision of  t h e  bonding procedure (EOS Direct ive 15-2). 




EOS FORM N0.566,3-64 
1.0 Witness and v e r i f y  t h a t  t he  bonding t e s t  is performed i n  accordance with the  . 
torque shear adhesion test procedure, EOS Directive No, 15-2. Record value 
on Manufacturing Order (MO) . 
Stamp Manufacturing Order and Inspection Traveler, 2.0 
EOS FORM N0.566,3-64 
I REV. PART NO. 
1.0 EOS i n s p e c t o r  t o  perform the  c o a t i n g  t e s t  r e f e r e n c e d  i n  p a r a .  
4.11 of MIL-PI  135088 on a l l  n '  t i r r o r s  . 
2.0 Stamp M O O ,  and I n s p e c t i o n  T r a v e l e r .  
132 
1.'11.4.20 I r s p c c t i o n  Check L i s t  f o r  Collector 
133 
Inspec  t ion  Check List 
f o r  C o l l e c t o r  







2 . 3 . 1 1  
V e r i f y  t h a t  t h e  p a r t s  l i s t e d  a r c  installed in accordance 
w i t h  Drawing 615575 anti the  assembly procedure.  
I n s p e c t i o n  p e r  11 #705G-0 
(3)  f l a ~ g e s ,  i tem 4 ( 3 0 - @ 0 6 ) ,  f l a t  f a c e  o u t  
(9)  Screws ant1 lockwashers ,  i tems 14 arid 15.- 
( 3 )  Elnr::cs, i tmi  47 (30-050) ,  f l a t  f a c e  o u t  _. 
(3) Screws and lockwashers ,  i tems 13 arid 15 _ _ _  
(1) p o i n t ,  item 21 (30-028) 
(1) r.tit, i t em 23 
(1) rir,:?, i t em 48 - 
(2 )  p o i n t s ,  i tem 22 ( 3 0 - 0 2 7 )  
(2) rt,ts, i t em 23 
(?>  l . n * e r  s t i p p ; r t  ttli)es, i t em 57 (30-05") 
(?9 threndcd p l L g s ,  i t em 5b (;0-c,58) 
( A )  screws arid 1 >cl;x.!asllcrs, i tems 55 3115 56 
(i) s p a c e r s ,  i t a -  3 (30-005)  
( 5 )  screws a n d  lockwashers ,  i tems 15 and 1 6  
( I )  f i t t i n g s ,  i t c n  30 
( ? >  c o n n e c t o r ,  i t em 42 
Varnish a l l  pipe t h r e a d s ;  i t e n  7 3  
( I )  c o o l i n s  p a n e l ,  i t e m  (30- 002) - -  
( 2 9  s c rews ,  i t em 13 
(3) screws, i t e m  14 
(GI lockwasliers,  item 1 5  
--_ - .  - 
I n s p e c t i o n  p e r  TI -47056-1 
I 
? *  
+ .  
i .  
i 
i -  
f 
i '  
-.-- ,-------. 
2 m i r r o r s  4 1 ,  F2 ar.d vane suhassemblv ars-.t< 
2.3.81 
134 
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INSPECTION CBECK LIST 
FOR COLLECTOR 




' I  
2.3.82 
'?' , .  
2.3.83 
2.3.84 
Inspection per I1 87056-1 
Revised November 7, 1966 
.-.  . 
Verifyautocbllimafn of alignment rod, fixture 
No. 614681. 
Verify centering of No. 1 mirror reticle on lase] 
beam. Torque item 13 to 75 in lbs. 
Verify centering of No. 2 mirror reticle on lase1 
beam. Torque. 
Verify .794 5 .OOS" dimension 
Verify illumination of I . D .  of No. 2 mirror 
2.3.85 Verify the focused image on the laser bepm at the 
projection screen, 
Verify positioning of alignment fixtures. 
Verify that items 14 and 16 are tight. 
2.3.87 
263.88 
2.3.89 Verify that point source rod is installed. 
c 
135 
#(Page 3 of 7) 
XNSPECTION CHECK LIST 
IFOR COLLECTOR 
*REVISED DECEKBER 7 ,  1966 
'Para. Nos. 
Reference 
As s emb 1 y 
Procedure Brief Description of 1nspection.Requirenent 
l?nspectisn-per 11 #7056-1A 
Revised Noveaiber 7, 1966 
' 2 . 3 ! 9 2  
2.3.93 







Verify lens reticle centered in laser bean. 
Verify that projected lpser image from'2the 
front and rear surfsces ere autocollimzted, 
Verify 8. I41 ..005" dimension, 
Verify sptical flat is centered in laser beam. 
Check torque. 
' Verify dimension 5.442" 3. - .005". 
Veri€y fixture is removed. 
.Verify,point source light test. . 
,Serial No. 
136." 
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3XSPECTTOX CIJYCK L I S T  
_FOR 3OLLECTOR . 
- -  




Procedure Brief Description of Inspection Requireaent 
Inspection per .I1 #7056-2 
- 
- 
Verify installation of (3) ite s 5 3  on (3) 
items 59. - 
2.3.16 




2.3.30 Verify installation of (3) itens 54. 
2-3.31 Verify installation of (3) items 63. 
2.3.32 
Verify installation of items 5 9 ,  53 and 64. 
Verify installation of (3) items 62. . 
' Verify installation of reticle plate. 
. .  
i 
, .  
I .  
. Verify installation of item 60. 
2.3.33 
2.3.34 
Verify installation of '(3) itens 61. 
Verify installation of item 12 on item 78. 
2.3.35 
2.3.36 
Verify installation of item 41. 
Verify installation of item 66. 
2.3.37 Verify installation of item 32. 
2.3.38 Verify installation of items.66,. 77 and 41. 
2.3.39 
2.3.40 
Verify installation of item 32 and 69. 




Verify installation of reticle plate. 
Verify installation of (2) item 24, (1) item 
25, (6) items 14, 15 and 17, 
2.3.4~1 Verify installation of (2) items 26,  (3) items 
27, (2) i t a ' s  15 and 16. 
.:I37 .. . . 
Serial No. 
/ / / / /  
i 
F 




i .  
i 
i 
I '  
1 
I 
6 4 ,  
* '  
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INSPECTION CHECK LIST 
,.FOR COLLECTOR 
REVISED ,DECEXBER 7, 1966 
Para. Nos. . Serial No. 
Reference 
As senbly 
Procedure ... Brief Description of Inspection Requirement 
hspection per I1 #7056-2 
2.3.49 . Verify installation of ( 4 ) ,  items 8 .  ' 
.. 
. 2.3.50 9 . Verify installation of ( 2 )  items 3 7 ,  (11 item 51 
(1) item 31. 
Verify installation of (1) item 50. ,2.3.51 .. .- . 
, 2..3.56 Verify installation of ( 3 )  itens 4 4 ,  (6) items 
1 . <  .--. '.!* * . .  45, and 46.; 
2 ..3,57 
- .  
2.3.58 
2.3659 




. . .  
Verify installation 
45 and 46, 




of ( 3 )  items. 4 3 ,  ( 6 )  items 
, .  
d 
( 3 )  items 34. 
of iten 35, ( 3 )  iteas 14 
of (.3) iteins 7 6 ,  (3) itens 30 
Verify installation of lens 30-018, and item 7 7 .  
Verify-installation of No. 2 nirror. 
Verify. installation of mirro'r hoses. 
* _  
2.3.65 
2.3.66 Verify connection of hose to cooling panel. 
2.3.68 . .Veri€y .,ins taIlat ion of No 1 airrar. 
2.3.70 
2.3.73 
2.3-74 1 Verify installa'tion of 3rd support tube. 
2.3.91 .Verify installation of (2) item 30, (4) items 15 
..Verify installation of vane subasseinbly. 
Verify that mirror and vane hoses are connected. 
. .  
and 16, (3) items 3 3 ,  lens assembly. * 
/ 
fPage 6 of 7 )  
-INSPECTION CHECK LIST 
FOR COLLECTOR 
REVISED DECEMBER 7 ,  1966 
J 
para. Nos. ial No. - 
Reference 
Assembly 
' Procedure c Brief Description of Inspection Requirement 
- 
Inspection per I1 #7056-2 
I .  
2 . 3.101 Verify recorded length frame ends vs. 
2 . 3.102 Verify installation of cooling panel. 
2.3.103 Verify installation of itern 6 9 .  . 


















Verify installation of items 1 2  and 11. 
Verify installation of ite'xs 36 ,  9, 3 7 , ' 3 1  and 7:  
Verify installation of iten 66. 
Verify installation of ite-ns 12, 79  and 7 4 .  
Verify installation of item 41. 
Verify installation of assembly 'in Paragraphs 
2.3.107 thru 2.3 .109.  
Verify installation of item 32 and 41. 
Verify steps 2.3.107 thru 2.3.109 repeated. 
8 .  . 
. .  
. _ .  
Verify installation of assembly in paragraphs 
2.3.107 t h r u  2.3.109. 
Verify installation of item 32 and 41, 
Verify installation of 'items 12, 50 and 7 4 .  
Verify installation of items 38;  12, 7 4 ,  70,  71 
and 7 2 .  
. .  
. Verify installation. of iterns 1 2 ,  11 and 7 4 .  
Verify installation of item' 4 9 .  
138A 
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INSPECTION CHECK LIST 
FOR COLLECTOR 
REVISED DECEXBER. 7, 1966 
I.. 
.. Eara. Nos. Reference 
Assembly 
Procedure . Brief Description of Inspection Requirement 
2.3-119 
' . Inspection per 11 $7056-2 
c 
$$fy installation of upper support tube, 
. . ' .  
Inspection per 11 #7056-2A ' *. _. 
'Perform Hydrostatic Test.-. 
.. 
.. * R 7 
2.3.123 




1.11.4.21 I n s p e c t i o n  Check L i s t  for Collimator 
_ -  
139 
1f;SYE:CTIOh C I X C K  
LIST FOR COLLINATOR S e r i a l  Kos. 
. xos. 
r e n c e  
mhly 
P r o  c e du r e  
B r i e f  D e s c r i p t i o n  o f  I n s p e c t  i on  Rcquirenien ts 
2.4.7 






2.4.12 ( 3  
2.4.13 
2.4.14 
2 .4 .15  
2.4.1G 
V e r i f y  t t . a t  t h e  p o r t s  l i s t e d  a r e  i n s t a l l e d  i n  accordance  
w i t h  Drawing 614569 and t h e  Assembly Procedure  
I n s p e c t i o n  p e r  I1 #7056-51\ 
Witness  assembly s t e p  2 . 4 . 7  . 
V e r i f y  43.5" -I-  .2" measurement 
V e r i f y  t h a t  t h e  m i r r o r  i s  focused on t h e  l a s e r  beam 
V e r i f y  4.644" + _ _  ,005" neasurement 
I n s p e c t i o n  p e r  II #7056-6 
Witness  assembly s t e p  2 .4 .29  
V e r i f y  t h a t  t h e  p r o j e c t e d  l i g h t  from t h e  m i r r o r  is  c e n t e r e d  
on t h e  l a s e r  beam 
V e r i f y  30.517" - .005" measurement 
(1) c o l l i n i a t o r  s u p p o r t ,  i t e m  8 
( 1 2 )  10-32 S 7 / 3 "  s o c k e t  head cap  screws 
(3)  ali-:nnient n u t s ,  i tem 4 
( 3 )  a l ignment  s t u d s ,  i t e m  5 
(1) each o f  (3)  jdm n u t s ,  i t e m  9 
(1) 84 m i r r o r ,  i tem Z 
(1) 8 4  b e z e l ,  i t em 47 
( 3 )  clamps,  i t e m  44, 45 
(3)  s c rews ,  i t e m  46 
( 3 )  b r a c k e t s ,  i t e n  11 
(b )  screws and washers ,  i tems 1 2  and 16 
( 3 )  a l ignment  s t u d s ,  i t e m  6 
(-'*) a l ignment  n u t s ,  i t e m  7 
(1) each  o f  t h r e e  jam n u t s ,  item 10 
T r i s t a l l  the al-i:;nment a s sembl i e s  i n  l e ~ s  mount 
(1) 1cr.s 8 1 ,  i t e m  3 
(5) screws a n d  washers ,  i t e m  5 and 7 
( I )  l e n s  # 2 ,  i t e m  4 
(1) r e t a i n e r  rinc:, i t e m  2 
















2 . 4 . 2 3  
2 . L  . 2 G  
,'i .27 
2.4.32 
2 .4 .33  
( 1 )  n i i r ro r  113, i t e m  2 
(1 )  s t ,ppor t  arm, i tem 26 
( 1 )  suppor t  arm,  i t e m  27 
(1)  s u p p o r t  arm, i ten: 28 
(6) sc rews ,  n u t s ,  lockwashers ,  i tens 2 3 ,  24 and 25 
(6) i t c n s  1 7 ,  24 and 25 
(6) sh ims ,  i t e m  42 
(3 )  i n s e r t s ,  i t e n i  14 u s e  l o c t i t e  
(3) screws and lockwashers ,  i t ems  3 5  a n d  29 
(1) i t em 38 
(3) i t em 37 
( 1 3 )  p i e c e s  o f  tubin:: l e n g t h s  a s  r e q u i r e d  
I tens  20, 2 1 ,  40 and 41 
( 6 )  i t e m  18 
( 3 )  i t e m  19  
( 3 )  i tem 36 
(1) i t e m  39 
S o l d e r  j a i n t s  
( 1 2 )  i.iits, item 2 4 ,  check t o r q u e  16 f t - l b s .  
( 6 )  sc rews ,  i t e n  12 check t o r a u e  75 i n - l b s .  
I n s p e c t i o n  p e r  I1 B7056-6X 
I s ' i t nes s  h e l i u m  l e a k  check  p e r  assembly  pr3cedt.crc p a r a .  2.4.32 
I n s p e c t i o n  p e r  I1 317056-6B 
Witness  h y d r o - t e s t  pe r  assembly procedure  p a r a .  ? .4 .33  
14 1 
i 
I . I 1  . IC.  22 I n s p e c t  i o n  Check L i s t  f o r  T h r o a t  
142 
Inspection Check List 
For Throat Serial No. 
Verify that the parts listed are installed in accordance 
with Drawing 31-100 and the assembly procedure. 
per I1 87056-10'. 
(2) alignnent sockets, Items 22 and 23, ( 8 )  acrevis, 
( 8 )  lockwashers, (8) flatwashers, items 27, 28, 29, 
Check torque (75 inch pounds) 
(1) item 25 . .  
Inspection 
(1) item 26 
(1) item 24 
( 4 )  screws ( 4 )  lockwashers, items 27 and 28 
Check torque (75  inch pounds) 
Install intensity control sensor wiring.  
per applicable paragraphs of E05 Manufacturing Manual 
(cold solder joints, etc.) 
(1) Item 10 
Solder wire from pin A of 614685 to socItet A of item 10. 
Solder wire from pin B of 614685 to socket A of item LO. 
Check soldering 
Check soldering per applicable paragraphs of EOS Mfg; khnual, 
(12) items 30 modified by 614566 
(12) items 15 
Verify items listed on Kit 12 are boxed €or shipment 
(accountability) 
(7) item 6 
(7) item 7 
(7) 8-32 nuts in item 1 
(1) iten 5 in item 2 
Install clamp cable subassembly, 




1.11.4.23 I n s p e c t i o n  I n s t r u c t i o n s  f o r  Receivinz I n s p e c t i o n  




I Eu i 1 d ing  "E" 
1 .0  Genera l  - Receivinc.  I n s p e c t i o n  s h a l l  be i n  ,iccordance w i t h  P o l i c y  0-3 -3  
of t h e  EOS P roduc t  Assurance  Ef~tnual .  
2 .0  I n s p e c t i o n  procedures  a r e  t o  be i n  accordance  w i t h  pa ra .  1 .17  h e r e i n .  
3.0 A l l  equipment w e d  t o  p e r f o r n  i n s p e c t i o n s  and t e s t  must be c a l i b r a t e d .  
4.0 The fo l lowing  i s  a b r i e f  d e s c r i p t i o n  of  tiic Gay t h a t  documentation s h o v l d  
f low i n  t h e  Rece iv inz  Inspec t ior !  a r e a  : 
4.1 P a r t s  a r e  r e c e i v e d  from s h i p p i n i  w i t h  4 c o p i e s  o f  t h e  r e c e i v i n g  
r e p o r t .  A l l  p a r t s  a r e  then logged i n  t h e  Rece iv ing  Log Book. 
4.2 EOS i n s p e c t o r  k c e p s  a l l  c o p i e s  of  r ece iv i r . 7  r e p o r t s  u n t i l  
i n s p e c t  ion  i s  col-lple t e e .  
4 , 3  A f t e r  i n s p e c t i o n  is corrplcted and  t h e  p a r t s  a r e  disposit i : ,r :c.d,  
one copy of  t h e  r'eceivic:; r t p o r t  ar!d a l l  c e r t s  a r e  f i l e d  Fr 
t h e  r e c e i v i n g  i n s p e c t i o n  a r c a  (1:nder vendors  f i l e ) .  The  d i s -  
p o s i t i o n  o f  t h e  p a r t s  and d a t e  i r s p c c t i o n  was completed i s  wr i t t e r .  
on a l l  o f  t h e  Rece iv ing  Repor t s .  T1.e remain ing  3 c o p i e s  of  t h e  
r e c e i v i n g  r e p o r t s  a r e  re tur r :ed  t o  t h e  s h i p p i n g  depar tment .  
4.4 A f t e r  i n s p e c t i o n  o f  t he  p a r t s ,  t h e  l o g  book i s  completed,  i . e .  
accep tance  o r  r e j e c t i o n  s tamped,  RDR 1': r eco rded ,  e t c  . 
4.5 I f  t h e r e  a r e  d i s c r e p a n t  p a r t s  a RDR i s  f i l l e d  o u t  by t h e  i n s p e c t o r ,  
and tf.c p a r t s  a r e  p l aced  i n  t h e  bond roov.  
4.6 IT t h e  p a r t s  a r e  a c c e p t a b l e  an  accep tance  t a g  i s  f i l l e d  ou t  a r d  tlte 




1 R E V  P A R T  NO. 
~ ________l_l_ 
lNSPEC rlON STATION OR AREA 
1.0 V e r i f y  t h a t  t h e  c a s t i n g s  a r e  n o t  damaged. 
2 .0  V e r i f y  t h a t  t h e  t r a v e l e r  i s  r ece ived  w i t h  t h e  p a r t s  and i s  
p r o p e r l y  f i l  led o u t .  
14 G 
EGS FORM NO 566,3-64 
1.12 
1.11.5 F i n a l  I n s p e c t i o n  -
P a l i c y  (3-3-E of  tllc EOS Prodcitt Assurai.ce Mnr . ta1  d e s c r i b e s  tl  e 
f i n a l  i n s p e c t i o n  procedures  t h a t  w i l l  h e  implemented at: t h i s  
progran.  
1.11.6 Shippini;  I n s p e c t i o n  
Pol  i c y  0-3-F of t he  EOS Proc’t c t Assurance P!3nua I d e s c r i b e s  
t h e  st t ipping i n s p c c t i m  procedt r e s  t h a t  w i l l  be implenentect 
on t b i s  p rogran .  
Proctss C o r t r o l  
The s p e c i a  1 pi-Jces: c s  t i S C d  or t h i s  prosrani a r e :  
( I )  Cleaning a l u n ~ i i ~ t ~ ~  f o r  borictirg 
( 2 )  Bonding n i r k c l  s k i n  t o  d l t 3 n : i n t . m  c a s t i n q  
( 3 )  C m t i i i s 3  F ron t  S u r f a c e  o f  P l i r ro r s  
Tkfe procedcres  u s e d  t o  c o n t r o l  t h e s e  p rocesses  a r e  contaii:ed herc.ir.. 
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1.13  Ho n c on f o rm i n  : -, A 7 t i c x  
1 .13 .1  Recei~;in;; In spcc  t ion  
A Receivin:; Discrepancy  Repor t ,  (RDR) ,  will be  w r i t t e n  f o r  a l l  
d i s c r e p a n t  m a t e r i a l  r e c e i v e d  from s c p p l i c r s .  The RDR form and 
the procedure  used  i n  f i l l i n g  o u t  t h i s  f o r n  i s ' d e s c r i b e d  i n  
P o l i c y  0 - 3 - B  o f  t h e  EOS Product  Assurance  Macual.  
1.13.2 I n - F r x e s s  I n s p e c t i o n  
An Inspec t ior :  Squawk R e p o r t ,  I S R ,  w i l l  be w r i t t e n  f o r  a l l  
d iscrep. int  m a t e r i d 1  found d u r i n z  t h e  assembly ,  t e s t ,  packa;;inc,, 
and s h i p p i n g  o p e r a c i o n s .  The ISR form and t h e  procedure  used 
i n  f i l l i n g  o u t  t h i s  form is  d e s c r i b e d  i n  P o l i c y  Q-3-D o f  t h e  
EOS Product  Assurance  Manua 1 . 
1.17.3  B q n d  Room 
A l l  d i s c r e p a n t  m a t e r i a l  w i l l  be k e p t  i n  t h e  bond room. A l t I i o u , ; I i ,  
i f  a s sembl i e s  a r e  t o o  l a r g e  t o  f i t  i n  tlie bond room o r  d i s c r e p a n t  
i tems becocie t o o  nurwrous,  t hey  w i l l  be  i d e n t i f i e d  w i t h  a 
r e j e c t i o n  t a g  and s t o r e d  where p r a c t i c a b l e .  
1 .13.4 b l a t e r i a l  Revieb; Board 
Pol i c y  Q-4-A o f  t h e  EOS Product  Assurance  N a ~ u a l  d e s c r i b e s  t h e  
M a t e r i a l  Review procedure  t h a t  will  be ircpleriented f o r  a l l  h i n o r  
D e f e c t s  (minor d e f e c t s  a r c  thosc  d e f e c t s  t h a t  do n o t  a f f e c t  
f o r m ,  f i t  o r  f u n c t i o r * ) .  E:embers o f  t h e  M a t e r i a l  Revicw Board 
s h a l l  i n c l u d e :  
EOS Oua 1 i t y  E n s i n e e r  
EOS P r o j c c  t Enz inee r  
Goverriment Om1 i t y  Assurance  R e p r e s e n t a t i v e  
The EIRE p rocedure  w i l l  conEljrm t o  S t c t l o n  8 o f  RPC 400-2. 
r e s i d c r t )  
1 . I &  Cor.tro1 o f  I n s p e c t i o n ,  ?!easr:rir:y :arc1 T e s t  Eriuipr:,et:t 
P o l i c y  0-15 o f  t h e  EOS Product  A s s i ~ r a n c c  E!L~nunl d e s c r i S e s  t h e  ne thod  
u s e d  011 t h i s  program t o  assr : re  conforcigince t o  b!IL-C-45662A and 1!IL-I-L5607A 
1.15 I r d i c n t i o n  \>f I n s p e c t i o n  S t a t u s  
EOS ma in ta ins  a s tamp i s s u a n c e  an+ c o n t r o l  protrram wherein each s tamp 
is t r a c e a b l e  t o  a p a r t i c u l a r  i n s p e c t o r  arid t h e  type  of  inspcc t ipr i  a c t i 3 n ;  
( e . : . )  i n -p rocess  o r  f i n a l  i n s p c c t i o r .  Stamp desi*:n is  sqch t h a t  i t  
d o e s  n o t  c o n f l i c t  w i t h  o r  resemble  Covervn.ent I r s p e c t i o n  i d e n t  i f i c a t l J n .  
P o l i c y  n-13 of  the EOS Prodt ,c t  Assv ro rce  IL inua l  d e s c r i b e s  t h e  i r i spcc t ion  
starnp c o n t r o l  proc,rani a t  C O S ,  
1,16 P r e s e r v a t i o n ,  Packasiris ,  Packin:: and S k i p p i n g  
P o l i c y  0-3-F o f  t h e  EOS Product  Assurance Planvnl d e s c r i b e s  t h e  
packaging and s h i p p i n g  i n s p e c t i o n  procediires t h a t  w i l l  b e  iciple- 
merited an  t h i s  program. 
Sanipl in:. Tnspec‘t ion  
1 . 1 7 . 1  IC-Process I n s p e c t i o n  
1 .I7 
1.17.1.1 C o l l e c t o r  - Each c o l l e c t o r  w i l l  be i n s p e c t e d  t o  the  
assecibly drawing and asscmbly procedure 
r equ i r emen t s .  
(614575) 
1 . 1 7 . 1 . 2  C o l l i m a t o r  - Each c o l l i m a t o r  w i l l  be i n s p e c t e d  t o  t h e  
c614570) assembly drawing and assembly procedure 
r equ i r emen t s .  
1 . 1 7 . 1 . 3  Throa t  - T h e  t h r o a t s  will be i n s p e c t e d  a s  f o l l m s :  
(31-100) A .  Th roa t  vendor w i l l  perform 1 0 ~ ~ %  
i n s p e c t  ion  on f i r s t  f i v e  th roa  ts 
b u i l t .  Vcndor w i l l  supp ly  c!oct:c~erta- 
t i o n  v e r i f y i n s  i n s p e c t i o n s .  
R .  EOS w i l l  perform a f i r s t  a r t i c l c  
e v a ~ t ! a t i o i ;  ort‘e of each o f  t h e  p a r t s  
and on ODZ nsscmbly, T h i s  t . i i l 1  b e  
done by an EOS Source I r s p e c t o r .  
C .  EOS w i l l  i r s p e c t  c r i t i c a l  c!irer:sior.s r r  
t h r o a t  lo@%. T h i s  will b e  d,?,r.e b y  a n  E X  
Source I n s p e c t o r ,  The c r i t i c a l  d i r i c r  - 
s i o n s  a r e  l i s t e d  a s  f o l l o w s :  
: r e f e r e r c e  c‘rawicg 31-101 Pa::e 1 of 1 )  
{ l )  11-A- .e15 
( 2 )  A10 1.190) 32 LhF x .50 deep 
2 2  tiJles 
+ .000 
- .003 ( 7 )  10 .562  
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1 . 1 7 . 1  - 3  Throa t  (cont inued)  
AC. (cont inued)  
(8) _L -A-.020 
-B- 
' ( 9 )  11-A- .005 
(10) 32.120 
(Reference Drawing 31-101 Page 1 of 2) 
(11) 2.250 + - .002 
( 1 2 )  12.750 - + .002 
(13) 4.500 + - .002 
y14) 12.250 - + .GO2 
(15) 10.000 - + .002 
(16) 8 .375 2 .002 
(12) -4. ( .350)  20 L t l C  
1 . 1 7 .  I .4 Ki r rors  614577 Eoch  c : i r ror  w i l l  ,>e i n s p e c t e d  i n  a c c  J rcnnce  
614331 w i t h  t h e  i n s p e c  t i o n  requ i ren .en ts  on t h e  
614320 m i r r o r  manufac tu r ing  o r d e r .  
514576 
1.17.2 
1 . 1 7 2 .  I Ltynses 30-018 Each  l e n s  w l l l  h e  i n s p e c t e d  t o  t t e  




1 . 1 7 . 2 . 2  C i s t i n i t s  G14576-1 #3  
614577-1 # 2  
614330-1 # l  
614321-1 8 4  
614335 
Each c a s t i n g  w i l l  be i n s p e c t e d  f o r  t he  f 3 l l x i r . _ :  
(1) Visua  1 exsnind t i o n  
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(2)  Sample i n s p e c t i o n  1 O O X  t o  d rawi rg  r e q u i r e -  
nicnts . S.inple s i z e  based on E I L - S T D -  1 C jI), 
Level  I ,  AnL 2.5.  
1 J 7 . 2 . 3  P a r t s  
The remainder o f  t h e  p a r t s  f o r  t h i s  program w i . 1 1  be s a m p l e  
i n s p e c t e d .  Tkre sample s i z e  w i l l  be b a s e d  orj F:IL-STD-lPX, 
Level I ,  ACL 2 . 5 .  Acceptance and r e j e c t i o n ,  drawin:; o f  
samples ,  normal ,  t i yh tened  a n &  reduced i r , s p e c t i o n  w i l l  b e  
i n  acco rdance  w i t h  bI IL-STD-105D.  
1.18 Rcc'irc's o f  I n s p e c t i o n s  and T e s t s  
I .  1.F. 1 Receii.-ir. I n s p e c  t For! -- 
T h e  f o l l ~ w i n ! ;  i s  a l i s t  o f  t he  r e c o r d s  k e p t  i n  t h e  Rece iv inz  
I c s p e c t i o n  a r e a  : 
A .  A !  1 p a r t s  upon rc>ce ip t  a r e  .logged i n  a n  EOS l og  book.  
B .  If t h e  p a r t s  a r e  a c c e p t a b l e ,  t h e  EOS l o g  book i s  accep tance  
4 
stamped and a n  accep tance  t a z  is f i l l e d  o u t  which w i I l  t r a v e l  
w i t h  t h e  p a r t s  t o  t€ie s t o r e  room. I f  t h e  p a r t s  a r e  r e j e c t t d  
t h e  lo;: book i s  ' I D "  s t m p e d  a n d  a R e c e f v i r g  Discrepancy  Report  
is f i l l e d  o u t .  A r e j ? c t i o r ,  t a g  i s  a l s o  f a s t e n e d  t o  the  bag 
o r  box of  r e j e c t e d  p a r t s .  
1 .18.2 In -P rocess  I ~ s p e c t i o n  
The PI3r.ufac t t ; r ing  Order  %;ill be t h e  d o c u m n t  which cor!ta i r s  t h e  
r e c o r d  o f  a11 in -pr ,>cess  i n s p e c t i o r s .  T h i s  docuriient ~ ~ i . 1 1  trn.,*cf. 
w i t h  t h e  iten: th rou<hout  t he  a s sen ib ly  p r a c e s s .  U t e  M'irtif:%c ti r i r  ; 
Orders  t h a t  w i l l  be used or: th i s  program a r e  cor , ta i r  ed i n  pa ra .  I . 1 1 .  
1.18 .3  Fir..?l I r s p c c t i o n  
Records o f  Fin,) 1 Inspec  t i o n s  \;ill be rcc3rdcd  oti t h e  "F Lna 1 
Acceptance TJC". T 1 . i ~  t a 5  is i l l u s t r a t e d  i n  P o l i c y  Q-3-E  o f  t1:c 
EOS Product  Assurance k h n u d l .  
156 
I . 1 8 . L  Sh ipp ing  I n s p e c t i p n  
Records of S h i p p i  i g  I n s p e c t i o n s  w i l l  Le r eco rded  on t h e  "Finn] 
Acceptar,cc Tab;". T h i s  t a g  is  i l l u s t r a t e d  i n  P o l i c y  Q-3-F of 
the EOS Product  Assurance Mar,ua 1 
1 . 1 9  C o r r e c t i v e  Act ion 
Pol  i c y  0-4-6 o f  t h e  EOS Product  Assurai7ce Flarual d e s c r i b e s  t h e  c o r r e c t i v e  
a c t i o r :  p roccdc res  which w i l l  be implenicnted on t h i s  program. C o r r e c t i v e .  
a c t i o n  commcnication w i L h  t h e  vendors w i . 1 1  be ma in ta ined  through R J, 
LABelle o f  t he  EOS Vendor S u r v e i l  l ance  Departnient, w i t h  a copy  t o  t h e  
c o 1: n i za I: t P r :I c' c t A 5 s i i  r a n c e E 17 r i r e e r . 
1 5 7  
t h i s  procrirerwnt : 
The f ~ l l o w i n g  i s  a l i s t i n g  o f  t h e  ins?cc t io t t ,  measur ing  ar:d t c s t  
equipr:ient a v a i l a b l e  f a r  use by in spec t  
1 . 7  7/8-14 dF 2A 
1.8 7/8-14 GNF 2 B  
1 . 9  1-8 E:C 2A 
1 , I O  1-8 LTC 2B 
1 . I  1 8-32 IXC 2A 
1, 1 2  10-32 IJP;F 2A 
1.13 t - 2 0  f-KC 2A 
1.14 10-32 ULF 2B 
1.15 4-2C UT;C 2E 
1.16 %/8-16  UKC 2A 
1 . 1 7  5 /16-1& I-NC 2A 
1.18 5/16-18 CP;C 2B 
1 . 1 9  7/16-20 UKF 2A 
1 . 2 1  I:-13 LXC 2A 
1 '22  4-13 LXC 2E 
1.23 5/8-11 UKC 2A 
1.24 5/8-11 UKC 20 
L 2 . 5  3/4-16 CKF 2A 
1,2b 3/4-16 I'L'F 2B 
1 . ? 7  718--1$ I'hT 2A 
1.1F - 1 8 - 1 4  t'i';F 2B 
1 . 2 9  1-8 KC 2A 
1.30 1-8 KC 2 B  
1 . 3 1  8-32 KC 2 A  
1.32 8-32 LXF 2A 
1.33 t -20  hC 2A 
1 .34 &-'20 LT.:C ?A 
1.35 7flb-20 !iF 2A 
1.35 7/'16-20 U1;F 2E 
1.37 3/8-16 E X  2A 
1 . 7 0  7 / 1 6 - 2 0  L ~ W  Z B  
2.7 12" Toolrnalier 
2 .8  3 / 8  t o  23L A c ' j u  
2.9 7" Vern ie r  C d l i p e r  I3SS 
2.10 :2) D i a l  I n d i c a t o r  .008 x .O001 E&S 
2.11 I n t r i r n i k  ,800 t o  1,000 x .0002 I:&S 
2.12  I n t r i m i k  1,000 t o  1,200 x .0002 E&S 
2.13 &xtrimi(> 1.200 t o  1.500 x .00P2 B&S 
2.14 I r t r i m i k  1.40Q t o  1.600 x .On02 EGS 
2.15 I n t r i m i k  Ex tens ion  .8 t o  1 . 6  BE& 
2.16 S e t t i n g  R ing  f o r  I n t r i m i k  .P t o  1 . 2  B6S 
2 . 1 7  S e t t i n g  R ing  f o r  I n t r i m i k  I .2-1 '6 I3&S 
2,18 Nicrometcr  0 t o  1" B&S 
2.19 Micrometer 1 t o  2" B&S 
2.20 Nicrimeter 2 t o  3" B&S 
2,21 Micrometer 3 t o  4" B6S 
2.22 l I icroincter  4 t o  5" E&S 
2.23 Micrometer 5 t o  6" 2 
2.24 D r i l l  I n d e x  .0135 t o  .039, Hoot 
2.25 . A c e  D r i l l  Index .04@ t o  .?28 
2.26 Ace D r i l l  I n d e x  .234A t c  .:?l?Z. 
2.27 Ace D r i l l  I c d e x  .062-Ylo t o  . S 9 U ~ f s  
2.28 Q u a l i t y  Cont ro l  Co. Height  C . I L ~ ~  Sr  ); , 
2.29  S c h e r r  Tuniica Tclescopinqy G C i ~ i q ~  KO. i f ! , ;  
2.30 S c h e r r  Tumica T c ~ l e s c o p i r ~ ,  C a u i c  Ii3. -;C 
2,31 Schcrr  Tcmica T c l e s c n p i r ~ - ~  Sdv:e b-1. 7CD 
2.32 S c h e r r  Tcmica Ti 1 e s c  3 p i r g  C; i 1 - 2  e tqL~.  7CE 
2.33 S c h e r r  Tumica T e l e s c o p i n g  L u l s i  h.>. ?0F 
2.34 Mnhr Bevel P r o t r s c t o r  5 '  R t n d ~ t t  
2.35 Ace O p t i c a l  Flicrornetcr 
' Mod. 2A 
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- .  
V e r i f y  t h a t  o n l y  the ' equ ipmen t  and materials l i s t e d  i n  t h e  
p rocedures  are  used. V e r i f y  that t h e  bonding procedure  i s  ' 
performed i n  t h e  sequence  i n d i c a t e d  wi thou t  i n t e r r u p t i o n .  
' V e r i f y  t h a t  t h e  back o f  t h e  r e p l i c a  i s  scrubbed  w i t h  a 
c l e a n  b r i s t l y  b rush  u s i n g  I n s t i t u t i o n a l  Formula White King 
o r  e q u i v a l e n t .  NOTE: C leanse r  which c o n t a i n s  c h l o r i n e  o r  
Bromine b l e a c h  cannot  be  used. 
V e r i f y  t h a t  t h e  surface of r e p l i c a  is  we t t ed  dovn with 
d e i o n i z e d  water. 
, 
- 
V e r i f y  t h a t  s u r f a c e  o f  r e p l i c a  i s  swabbed down g e n t l y  w i t h  
"Amway" s o l v e n t  d e t e r g e n t  ( o r  e q u i v a l e n t )  and  t h a t  a l l  
i m p u r i t i e s  and  o i l  s t a i n s  are  removed. (Does n o t  a p p l y  to 
No. 3 r e p l i c a ) .  
. V e r i f y  t h a t  t h e  r e p l i c a  i s  r i n s e d  c l e a n - w i t h  d e i o n i z e d  
water. V e r i f y  m i r r o r  i s  blown d r y  w i t h  air .  V e r i f y  t h a t  
t h e  o i l  and water t r a p  i n  t h e  a i r  l i n e  i s  checked once p e r  
week . 
V e r i f y  t h a t  t h e  c o n v e r s i o n  c o a t i n g  i s  removed from face o f  
c a s t i n g  by u s i n g  c l e a n s e r  ( I n s t i t u t i o n a l  Formula White King 
o r  e q u i v a l e n t )  and  a clean b r i s t l e  b rush  o r  g rade  00 s t ee l  
wool, . .  
V e r i f y ' t h a t  c a s t i n g  i s  blown d r y  w i t h  c l e a n  air. 
V e r i f y  t h a t  t h e  bonding f i x t u r e  s u r f a c e  i s  clean from d u s t ,  
d i r t  and  epoxy p r i o r  t o  mounting r e p l i c a  and c a s t i n g .  
V e r i f y  t h a t  t h e  back o f  t h e  replica i s  r i n s e d  with 200' 
proof  a b s o l u t e  e t h y l  a l c o h o l .  
V e r i f y  t h a t  a coat: o f  "Epocast K Primer" is a p p l i e d  wi th  
a brush or epray gun over t h e  bonded a r e a .  
. 
- , .  
* Paragraph  2,1 o n l y  a p p l i e s  to NO, 3 c a s t i n g ,  
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4 . 3 .  
b 4  
INSPECTIOF! CHECK LIST 
FOR BONDING 
EOS 87056-40 
I N S P E C T I O N  R E Q U I R M E N T  
Verify that: the "K Primer" cures f o r  % hour at room 
temperature before  applying epoxy, 
For Hand Nix 




500 gms 1210 and 500 gms 9615 f o r  Y f r r o r  #l 
200 gms 1210 and 200 gms 9615 f o r  ?!Error #2 
200 gms 1210 and 200 gms 9615 f o r  Mirror'#3 
800 gms 1210 and 800 gms 9615 fo r  Mirror #4 
Verify s c a l e  i s  ca l ibra ted .  
Verify t h a t  the  epoxy i s  within i t s  use da t e  (check age 
con t ro l  tag) ,  
. V e r i f y  t h a t  t he  epoxy i s  mixed thoroughly, 
Verify t h a t  t h e  epoxy i s  used within':. hour a f t e r  mixing, 
For Frozen Pre  Mix 
Verify t h a t  tubes of epoxy (3  tubes f o r  #1 m i r r o r ,  1 tube 
f o r  #2 and #3 mirror,  5 tgbes f o r  #4 m i r r o r )  a r e  immersed 
i n  hot  water 120°F t o  150 F and allowed t o  thaw f o r  5 t o  
' 
. . 12 minutes, 
Verify t h a t  water has not entered i n t o  the  back of  t he  
c a r t r i d g e  and contaminated t h e  epoxy. 
. . *  Verify t h a t  epoxy i s  used wi th in  one-half hour a f t e r  
thawing. 
Verify t h a t  t h e  epoxy is  within i t s  u s e  da t e  (check age 
cont ro l  tag) , 
Verify t h a t  t he  cas t ing  to be bonded has been cleaned i n  
accordance with process Spec 12-2, The cleaning inspect ion 
check l i s t  must be complete, Visual inspect  t he  cas t ing  to. 
assure t h a t ' i t  is c lean  and dry. 
I 
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I N S P E C T I O N  REQUIRENEW 
Verify t h a t  epoxy i s  appl ied t o  back of r e p l i c a  and f r o n t  o f  
ca s t ing  with air  i n j e c t i o n  gun o r  equivalent,  
Verify t h a t  epoxy i s  spread evenly with c lean  spreader. 
Verify cas t ing  i s  posi t ioned on back of r e f l e c t o r  and- 
centered using center ing p l a t e ,  
Verify t h a t  no pressure o ther  than t h a t  o f  t h e  cas t ing  weight 
i s  used t o  hold t h e  cas t ing  t o  t h e  r e f l e c t o r ,  
Verify t h a t  the  excess epoxy i s  not removed u n t i l  four (4)  
hours minimum a f t e r  bonding, 
Verify t h a t  t he  mirror  assembly cures  a t  room temperature 
f o r  a minimum of 1 2  hours before i t , i s  removed from the  
bonding f ix tu re ,  
Verify t h a t  t he  n icke l  bonding t r a v e l e r  i s  f i l l e d  out  




Page one of two 
aragraph Nos; 

















V e r i f y  t h a t  t h e  p re -c l ean  s o l u t i o n  c o n t a i n s  5 t o  7 oz o f  Turco 
4215 p e r  g a l l o n  o f  water, 
V e r i f y  t empera tu re  o f  pre-c lean  s o l u t i o n  t o  b e  between 160°F 
and 180°F, 
- 
V e r i f y  t h a t  c a s t i n g  i s  immersed i n t o  ' c leaner  s o l u t i o n  and 
- _  . 
al lowed t o  soak f o r  15 minutes ,  - 
V e r i f y  c a s t i n g  i s  sp ray  r i n s e d  'us ing de ion ized  water .  
, -  . 
. .  - .  
V e r i f y  t h a t  t h e  e t c h  s o l u t i o n  c o n t a i n s  5 to .  7 0 2 ,  of.l'Turco Alum- 
i n e t c h  No, 3 p e r  g a l l o n  o f  water, 
V e r i f y  tempera ture  o f  e t c h  s o l u t i o n  t o  be  petween 140' and 160°F, 
V e r i f y  t h a t  c a s t i n g  i s  immersed i n t o  e t c h i n g  s o l u t i o n  and a l lowed 
t o  e t c h  between 5 and 10 seconds,  
~ V e r i f y  c a s t i n g  i s  sp ray  r i n s e d  us ing  de ion ized  water, 
1 .  
I 
V e r i f y  t h a t  t h e  deox id ize  s o l u t i o n  con ta ins :  Turco Ni t radd  
12 t o  20% by Vol Nitric Acid (42'Be) 60 t o  80% by Vol, 
V e r i f y  t h a t  c a s t i n g  i s  immersed i n t o  t h e  d e o x i d i z e r  s o l u t i o n  
for a minimum of 15 seconds.  
V e r i f y  t h a t  c a s t i n g  i s  r i n s e d  wi th  de ionized  water, 
Ver i fy  t h a t  a l l  t r a c e s  o f  deox id ize r  s o l u t i o n  a r c  renoved, 
V e r i f y  that t h e  convers ion  c o a t i n g  c o n t a i n s  1 t o ' 1 . 5  oz, o f  I r i d i c i  
. 14-2 p e r  g a l l o n  of w a t e r  and t h a t  i t s  Elec t roxze t r ic  pH i s  between 
- 
__ - -- --- 
1.4 and 1,6,  -___ - 
162 
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Verify that casting is immersed into conversion coating for' . 
3 to'4 minutes w h L k  it is still wet from the deoxidize ' - 7  
-c 
. .  
rinse, 
be 'repeated, 
Verify that the casting is rinsed with deionized water, 
Verify-that casting is dry prior to bondiig, 
If casting is not to be bonded immediately, verify that it is 
wrapped in clean wax paper and stored in a clean dry place, 
If it is allowed to dry the deoxidize operation must 
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30 -04 3 E 
30-048 A 
30-049 A 
Panel , Cooling 
Spacer , Cooling Panel 
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D e s c r i p t i o n  
Col l imator  Assembly 
S tud ,  L i f t i n g  P l a t e ,  Rear Suppor t  
Arm, Suppor t  
I n s e r t ,  Threaded 
Arm, Support  Subassembly 
Arm,  Suppor t  Subassembly 
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Loca to r ,  P o s i t i o n ,  Z Axis, #4 Mir ro r  
Stand,  Laser 
B & L L igh t  Source Loca t ing  F i x t u r e  
Stand,  Assembly, and Alignment Co l l ima to r  
S tand , Burner S imula to r  
F i x t u r e ,  Burner S imula to r  
Pos t ,  Alignment,  Burner S imula tor  F i x t u r e  
P la te ,  Recticle, Alignment F i x t u r e  
P l a t e ,  Mounting, Reticle Alignment F i x t u r e  
Throat  S imula tor  
O p t i c a l  F l a t  
Poin t  Source Rod 
Vane Assembly Locator  Rod 
Vane Alignment F i x t u r e  
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